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ABSTRACT
^  When a l k a l i  m e t a l  va pou r  c o n t a i n e d  i n  a  f l u o r e s c e n c e  c e l l  and p l a c e d
•in a kG m a g n e t i c  f i e l d  i s  i r r a d i a t e d  w i t h  t h e  c o r r e s p o n d i n g  m o n o c h r o m a t i c .
p o l a r i z e d  r e s o n a n c e  r a d i a t i o n ,  t h e  atoms a r e  p r e f e r e n t i a l l y  e x c i t e d  to
c e r t a i n  Zeeman s u b l e v e l s  o f  t h e  r e s o n a n c e  s t a t e ,  e s t a b l i s h i n g  a b u l k  -
* »
m u l t i p o l e  moment i n  t h e  v a p o u r .  C o l l i s i o n s  be tween  .the e x c i t e d  a l k a l i  
m e ta l  a toms and o t h e r  ground s t a t e  atoms o r  m o le c u le s  tend  to e q u a l i z e  
the  Zeeman p o p u l a t i o n s ,  c a u s i n g  m u l t i p o l e  r e l a x a t i o n .  The c r o s s  s e c t i o n s  
f o r  th e  r e l a x a t i o n  o f  th e  d i p o l e ,  q u a d r u p o l e  and o c t u p o l e  moments may 
be d e t e r m i n e d  f rom t h e  r e l a t i v e  i n t e n s i t i e s  o f t h e  Zeeman components i n  
t h e  f l u o r e s c e n t  s p e c t r u m .  Th is  t h e s i s  d e s c r i b e s  an e x p e r i m e n t a l  s t u d y  
of  m u l t i p o l e  r e l a x a t i o n  i p  p o t a s s i u m  a tom s,  i nduced  by c o l l i s i o n s  w i t h  
N7 and m o l e c u l e s .
C i r c u l a r l y  p o l a r i z e d  p o t a s s i u m  re s o n a n c e  r a d i a t i o n  e m i t t e d  from an 
e l e c t r o d e l e s s  r . f . d i s c h a r g e  l a m p ' l o c a t e d  i n  a m a g n e t i c  f i e l d  was p a s s e d  
th r o u g h  a na r ro w -b an d  i n t e r f e r e n c e  f i l t e r ,  q u a r t e r  wave p l a t e  and l i n e a r  
p b l a r i z e r ,  and was fo cus ed  i n t o  a f l u o r e s c e n c e  c e l l  c o n t a i n i n g  K-vapour  
and a b u f f e r  g a s ,  l o c a t e d  i n  t h e  f i e l d  of  a second e l e c t r o m a g n e t .  The
two m a g n e t i c  f i e l d s  a d j u s t e d  t o  p e r m i t  the  s e l e c t i v e  e x c i t a t i o n  of
2
t  t h e  4 and 4 , P ^ 2  - 3 / 2  Zeeinan s u b s t a t e s .  Wi th  o r  Hj i n  the  c e l l
th e  o t h e r  Zeeman s u b s t a t e s  became c o l l i . s i o n a l l y  p o p u l a t e d ,  c a u s i n g  the  
a p p e a r a n c e  of  t h e  c o r r e s p o n d i n g  components i n  t h e  f l u o r e s c e n t  s p e c t r u m .  
C i r c u l a r l y  p o l a r i z e d  • f l u o r e s c e n c e  e m i t t e d  p a r a l l e l  to t h e  f i e l d  was 
o b s e r v e d  t h r o u g h  an a p e r t u r e  i n  the. p o l e  p i e c e  o f  t h e  m a g n e t ' a n d  was 
^ p s d l v e d  by a p i e z o e l e c t r i c a l l y  scanned  F a b r y - P e r o t  i n t e r f e r o m e t e r  
and d e t e c t e d  by a p h o t o m u l t i p l i e r .
i i i
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' Measurements o f  th e  r e l a t i v e  i n t e n s i t i e s  b f  t h e  Zeeman cpmponents 
i n  t h e  f l u o r e s c e n t  s p e c t r u m ,  i n  r e l a t i o n  to gas  p r e s s u r e ,  y i e l d  the
t '  . ■ >'
f o l l o w i n f m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s :  "
K-N2 (10_16cm2) : A , ^  = 59;  = 155; A ^  = 228; A ^  = 174
K-H2-(10"l 6 cm2) : A^1} = 46;  A ^  = 80;  A ^  =. 126; A ^  = 66.
I
The r e l a t i v e l y  ' ' l a rge  f i n e - s t r u c . t u r e  mix ing  e f f e c t s  cause d  by t h e s e  
* . 4 '
m ole c u le s  were" t ak en  i n t o  a c c o u n t  i n  t h e  c a l c u l a t i o n  of  t h e s e  c r o s s  • ■ • '
*s e c t i o n s .
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1.  INTRODUCTION
V
E x p e r i m e n t a l  i n v e s t i g a t i o n s  of  i n e l a s t i c  c o l l i s i o n s  be tw een  e x c i t e d
a l k a l i  a toms and g r o u n d - s t a t e  p a r t n e r s ,  p a r t i c u l a r l y  n o b l e  gas  a tom s,
have  been  o f  c o n t i n u i n g  i n t e r e s t  f o r  many y e a r s  a s  t h e s e  e x p e r i m e n t s
p r o v i d e  u s e f u l  i n f o r m a t i o n  a b o u t  t h e  mechanism o f  c o l l i s i o n a l  e x c i t a t i o n
t r a n s f e r  and the  n a t u r e  of  c o l l i s i o n a l  i n t e r a c t i o n s .  T he re  a r e  v a r i o u s  
4 . * 
p r o c e s s e s  by which an  e x c i t e d  a tom may l o s e  a l l  o r  p a r t  of  i t s  e x c i t a t i o n
e n e r g y  t h r o u g h  c o l l i s i o n s - .  C o l l i s i o n a l  e x c i t a t i o n  t r a n s f e r ' b e t w e e n  the
s t a t e s  of  th e  e x c i t e d  atom o r  t o  th e  c o l l i s i o n  p a r ' t n e r  r e s u l t s  i n  th e
e m i s s i o n  o f  s e n s i t i z e d  . f l u o r e s c e n c e '  o f  a d i f f e r e n t  w a v e l e n g t h  th an  t h a t
which  would,  have r e s u l t e d  from th e  d ecay  of  th e  i n i t i a l l y  e x c i t e d  s t a t e .
Quenching i s  t h e  r a d i a t i o n l e s s  t r a n s f e r  o f  t h e  a to m ic  e x c i t a t i o n  C n e rg y
to th e  v a r i o u s  a v a i l a b l e  "degrees o f  f reedom o f  t h e  c o l l i s i o n  p a r t n e r .
Many e x p e r i m e n t s  r e p o r t e d  i n  r e c e n t  y e a r s  have been  c a r r i e d  ou t  to
d e t e r m i n e  c r o s s  s e c t i o n s  f o r  f i n e - s t r u c t u r e  mi x in g  and q u e n c h i n g  in
mercury  and a l k a l i  m e t a l  a toms,  induced*-In c o l l i s i o n s  w i t h  n o b le  gas
a toms and v a r i o u s  gas  m o l e c u l e s  ( K r a u s e , - 1 9 7 5 ) .
Another  p r o c e s s  which h a s  b een  e x t e n s i v e l y  i n v e s t i g a t e d  i s  the
•>
c o l l i s i o n a l  d e p o l a r i z a t i o n  o f  f l u o r e s c e n c e .  When a l k a l i  m e t a l  va po ur
i s  o p t i c a l l y  e x c i t e d  by p o l a r i z e d  r e s o n a n c e  r a d i a t i o n ,  c e r t a i n  Zeeman
•
s u b s t a t e s  of  th e  a toms may become p r e f e r e n t i a l l y  p o p u l a t e d ,  r e s u l t i n g
i n  th e  c r e a t i o n  o f  a b u l k  m u l t i p o l e  moment i n  th e  v a p c u r .  (A d i p o l e
*
moment produced  i n  t h i s  way i s  u s u a l l y  r e f e r r e d  t o  a s  o r i e n t a t i o n ,  a 
q u a d r u p o le  moment as  a l i g n m e n t . )  In  th e  a b se n ce  o f  p e r t u r b i n g  c o l l i s i o n s ,
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t h e  f l u o r e s c e n c e  t e n d s  t o  b e  p o l a r i z e d  i n  t h e  same s e n s e  a s  t h e  e x c i t i n g  
r a d i a t i o n .  C o l l i s i o n s  be tween  th e  e x c i t e d  and p o l a r i z e d  atoms and th e  
ground s t a t e  a toms o r  m o le c u le s  cause  d e p o l a r i z a t i o n  o f  th e  a toms a n d .  
o f  the  e m i t t e d  f l u o r e s c e n c e .  The stuffy o f  d e p o l a r i z a t i o n  o f - a tomic
L
f l u o r e s c e n c e  i n  r e l a t i o n  to b u f f e r  gas  p r e s s u r e  p r o v i d e s  i n f o r m a t i o n  on 
t h e  mechanism o f  c o l l i s i q n a l  r e l a x a t i o n  of  a tomic  mu l t i po l ' e  moments. 
D e p o l a r i z a t i o n  e x p e r i m e n t s  may be d i v i d e d  i n t o  two g e n e r a l  c a t e g o r i e s ,  
th o s e  c a r r i e d  o u t  i n  th e  absence  of  an e x t e r n a l  magnet ic  f i e l d  o r  a t  
low f i e l d s  and t h o s e  c a r r i e d  o u t  a t  s t r o n g  f i e l d s .  At z e r o  f i e l d  o r  in
* • v i
low m ag net ic  f i e l d s  h y p e r f i n e  s t r u c t u r e  i s  p r e s e r v e d  and th e  a to m ic  
n u c l e u s  r em a in s  coupl ed  to t h e ' o r b i t a l  e l e c t r o n s ,  whi le  a t  h i ^ i  mag net ic  
f i e l d  s t r e n g t h s  i n  t h e  kC r a n g e ,  the  n u c l e a r  and e l e c t r o n i c  moments of
thje atom become e f f e c t i v e l y  d ecou p le d  (Bu los  and Happer,  197.1). The
• 2 d i s o r i e n t a t i o n  o f  sod ium.and  p o t a s s i u m  atoms -in P, r e s o n a n c e  s t a t e s  by
no b le  g a s e s  . c o l l i s i o n s  i n  z e r o  f i e l d  has  been s t u d i e d  by N ie w i te cka
e t  al*. (1974) and N ie w i t e c k a  and Krause  ( 1 97 5) ,  r e s p e c t i v e l y .  The Hanle
e f f e c t  (’m a g n e t i c  d e p o l a r i z a t i o n  in  low f i e l d s )  has been employed by
< ' . 7 Lewjs ,  Wfree-ler and Wilson  ( 1 9 7 7 ) . to  s t u d y  d i s o r i e n t a t i o n  o f  K“ P resonan'c
s t a t e s .  T h i s  t e c h n i q u e  has  a l s o  been  used  i n  a m o di f ie d  form to  d e t e r -
A * 4
(K
mine d i s o r i e n t a t i o n  and d i s a l i g n m e n t  c r o s s  s e c t i o n s  fo r  lib a toms e x c i t e d
to Resonance'<S*tate3, c o l l i d i n g  w i t h  ground s t a t e  Rb atoms ( G a l l a g h e r  
r  * '
. and Lewi,s, . 1 9 7 4 ) , -as w e l l  as  s i m i l a r  c r o s s  s e c t i o n s  f o r  Na (Burgmans,
•1979) .  There  have  b§en f e w e r - e x p e r i m e n t s  per formed a t  m odera t e  and
- h igh ,  f i e l d s ' .  E l b e l  e t  a l .  (±974) s t u d i e d  N a ^ P . ^ )  d i s o r i e n t a t i o n ,
Kamke (1975) i n v e s t i g a t e  Rb d i s o r i e n t a t i o n  and d i s a l i g n m e n t ,  and
• u . .
”
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1
GuiVy and Krause  (1972,  197.6) d e te r m in e d  d i s o r i e n t a t i o n  and d i s a l i g n m e n t
a r o s s  s e c t i o n s  f o r  c o l l i s i o n s  of  Cs atoms w i t h  n o b l e  g a s e s .
2 2D e p o l a r i z a t i o n  of  K ( and P ) atoms induced  by c o l l i s i o n s
w i t h  nobl e  ga s e s  a t  kG f i e l d s  was s t u d i e d  by Berdowski  axJd Krause
(1968) and Berdowski ,  S h i n e r  and Krause (19 71 ) .  They employed a m o d i f ie d
' 2'  ■Zeeman s c a n n i n g  t e c h n i q u e  to  p o p u l a t e  s e l e c t e d  P Zeeman s u b s t a t e s  and 
d e t e r m i n e d  the  d i s o r i e n t a t i o n  and " d i s a l i g n m e n t  c r o s s  s e c t i o n s  f o r  t h e s e  
ga s e s  by m e a s u r in g  the  c i r c u l a r  and l i n e a r  d e p o l a r i z a t i o n  o f  th e  
f l u o r e s c e n c e .
With the  a d v e n t  o f  equipment c a p a b l e  of  r e s o l v i n g  the  i n d i v i d u a l  
Zeeman components i n  the  f l u o r e s c e n t  sp e c t r u m ,  i t  became p o s s i b l e  to 
measure  the  c r o s s  s e c t i o n s  f o r  r e l a x a t i o n  o f ’ th e  o c t u p o l e  a s  w e l l  .as 
o f  the  a l r e a d y  m ea su ra b le  d i p o l e  and q u a d r u p o le  moments.  Bay.l is (1979) 
de ve lo ped  a d e n s i t y  m a t r i x  t r ea tm e j r t  d e s c r i b i n g  t h e s e ’ c o l l i s i o n a l  d e ­
p o l a r i z a t i o n  p r o c e s s e s ,  which was based  on e a r l i e r  work by Fano (1 9 5 7 ) ,  
Omont (1965) ,  and Dyakonov and I’e r e l  (1965,). B a y l i s v (1979) t r e a t m e n t
I
a l l o w s  the  m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s  t o  be o b t a i n e d  from the
I
a n a l y s i s  o f  the  r e s o l v e d  Zeeman f l u o r e s c e n t  sp ec t r u m  e m i t t e d  from the
r
e x c i t e d  and p o l a r i z e d  a tom s.  Expe r iments  em pl oy in g  Zeeman f l u o r e s c e n c e  '• 
S p e c t r o s c o p y  to  d e t e r m i n e  the m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s  f o r  
c o l l i s i o n s  o f  K w i t h  n o b l e  gas atoms have been c a r r i e d  o u t  by Boggy 
and Franz  (1982) and by S k a l i n s k i  and Krause (1982) .
The i n t e r a c t i o n  o f  e x c i t e d  and p o l a r i z e d  K a t o m s ' w i t h  m o l e c u l e s ,  
which forms the  s u b j e c t  o f  t h i s  t h e s i s ,  i s  more complex than  c o l l i s i o n s  * 
i n v o l v i n g  n o b le  g a s e s ,  b e c a u s e  of  the l a r g e r  number o f  d e g r e e s  of  
freedom! a v a i l a b l e  to t h e  c o l l i s i o n  sys t em.  The r e s o n a n c e  f i n e - s t r u c t u r e  
m ix in g  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  of  p o t a s s i u m  atoms w i t h  m o le c u le s  ■**
with p erm issio n  o f th e  copyrigh t ow n er. Further reproduction  prohibited w ith out p erm issio n .
a r e  l a r g e r  th a n  t h o s e  f o r  n o b l e  g a s e s  ( C i u r y l o  a n d , K r a u s e ,  1982,  1983) .
t A c c o r d i n g l y , th e  d e n s i t y  m a t r i x  t r e a t m e n t  ha s  been  e x te n d e d  to  i n c l u d e
f i n e - ? t r u c t u r e  m a t in g  e f f e c t s  as  w e l l  as  th e  r e l a x a t i o n  o f  t h e  m u l t i -
p o l e  moments ( B a y l i s ,  1983 ) .  The r e s u l t s  o f  a r e c e n t  e x p e r im e n t  by
2S i e r a d z a n  and Franz  (1982) i n d i c a t e d  t h a t  the  P^ d i s o r i e n t a t i o n  c r o s s  
s e c t i o n  f o r  Rb i n  c o l l i s i o n s  w i t h  was c o n s i d e r a b l y  l a r g e r 1 than the 
c o r r e s p o n d i n g  c r o s s  s e c t i o n  f o r  Rb-noble  gas c o l l i s i o n s .  I t  th us  seemed 
. t h a t  th e  d e p o l a r i z a t i o n  o f  th e  e x c i t e d  K atjoms by and c o l l i s i o n s  
sh oul d  p re se n - t - an  i n t e r e s t i n g  and w o r th w h i l e  problem f o r  a n ' e x p e r i m e n t a l
I 1 '  •
s tudy . -  ,
Tjiis t h e s i s  d e s c r i b e s  an e x p e r im e n t  i n  which the  m u l t i p o l e  r e l a x a t i o n
2 2and d ecay  c r o s s  s e c t i o n s  f o r  th e  i n t e r a c t i o n  o f  K ( P, and Pt <0) atoms 
. ' £ 3 / 2
w i t h  and 11̂  m o le cul e s  were d e t e r m i n e d .  The m u l t i p o l e  moments i n  the
% 2 '*vapour-gafl^ m i x t u r e  were c r e a t e d  by s e l e c t i v e l y  p o p u l a t i n g  the  h P,  ̂ ^
2
and 4 P3/2  _3 /2  Zeeman s u b s t a t e s  o f  p o t a s s i u m  by a m o d i f i e d  Zeeman 
s c a n n i n g  t e c h n i q u e  /B e r d o w s k i  and Krause ,  1968) .  The r e s u l t i n g  f l u o r -  
e s c e n c e  was r e s o l v e d  by a s c a n n i n g  F a b r y - P e r o t  i n t e r f e r o m e t e r .  Mbasure-  
ment s ’ o f  r e l a t i v e  i n t e n s i t i e s  o f  th e  f l u o r e s c e n t  Zeeman components  y i e l d e d  
the  c r o s s  s e c t i o n s  fo r  c o l l i s i o n a l  r e l a x a t i o n  and decay  o f  the  d i p o l e ,  
q u a d r u p o l e ,  and o c t u p o l e  moments.
R ep ro d u ced  with p erm issio n  o f  th e  copyrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
I I .  THEORETICAL
• A p p l i c a t i o n  o f  D e n s i t y  M a t r i x  Forma l i sm to  C o l l i s i o n a l  Decay o f  
M u l t i p o l e  Moments
2When a p o t a s s i u m  a tom,  exc i t fed  t o  otie o f  t h e  4 P Zeeman s u b s t a t e s ,
c o l l i d e s  w i t h  a b u f f e r  gas  m o l e c u l e ,  i t  may be t r a n s f e r r e d  t o  a n o t h e r
Zeeman s u b s t a t e .  M o le c u le s  such  a s  N2 and H2 would be e x p e c t e d 1 to
2in d u c e  t r a n s f e r  n o t  o n ly  among t h e  Zeeman s u b s t a t e s  o f  the  4 o r  
2 •
4 P ^ /2  ^i n e  s t r u c t u r e  s t a t e s ,  b u t  a l s o  be' tween t h e  Zeeman s u b s t a t e s  o f
2 2 
the  P^ and t h o s e  o f  t h e  ^ ^i n e  s t r u c t u r e  s t a t e s .  The c o l l i s i o n a l
p r o c e s s  may be d e s c r i b e d  by th e  f o l l o w i n g  e x p r e s s i o n s :  1
(
KC42p, , ) + X -  K(42P ) + X + AE , j  (1)
*5 ” *2 J >m y
K(42P 3 / 2 _ 3 / 2 ) + X -  K(42PJ t  jm,) + X + AE , .  . (2)
where X i s  a b u f f e r  gas  m o l e c u l e .  When J , J '  = 4 ,  m,m' = ±4; when
J . J 1 = 3 / 2 ,  m,m' = ±3/2  o r  ±4. There  a r e  a l t o g e t h e r  s i x  Zeeman sub- '
2 2s t a t e s  available to  the atoms within the P^,  ^2 /2 '  P°tassium doublet.
The p o p u l a t i o n  v e c t o r  N d e s c r i b i n g  th e  p o p u l a t i o n  d e n s i t y  of  the  
p o t a s s i u m  a toms i n  t h e s e  Zeeman s u b s t a t e s  must  a c c o r d i n g l y  be a  s i x -  
d i m e n s i o n a l  v e c t o r .  The t i m e - e v o l u t i o n  o f  t h e  p o p u l a t i o n  d e n s i t y  v e c t o r  
N may be  d e s c r i b e d  u s i n g  d e n s i t y  m a t r i x  for ma l i s m ( B a y l i s ,  1979)
-*■ dN -*■ 2 -*■ * -*■
N = d t = S _ r N _ Y N ’ (3)
where S r e p r e s e n t s  the  r a t e  a t  which t h e  Zeeman s t a t e s  a r e  b e i n g  o p t i c ­
a l l y  e x c i t e d ,  f  i s  th e  m a t r i x  d e s c r i b i n g  t h e  s p o n ta n e o u s  d ecay  r a t e  of
\
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the  e x c i t e d  s t a t e  to  the  ground s t a t e  and y  i s  th e  m a t r i x  d e s c r i b i n g  
th e  r a t e  o f  c o l l i s i o n a l  r e l a x a t i o n  be tween  a l l  p o s s i b l e  Zeeman s u b s t a t e s .  
Con t inuous  o p t i c a l  e x c i t a t i o n  r e s u l t s  i n  a s t e a d y - s t a t e  c o n d i t i o n  c h a r a c ­
t e r i z e d  by t h e  r a t e s  o f  sp o n ta n e o u s  d e c a y ,  c o l l i s i o n a l  t r a n s f e r  and 
o p t i c a l  e x c i t a t i o n ,  and i s  d e s c r i b e d  by
S -  r  N -  Y N = 0 . • (/,)
-h
In  o r d e r  to  d e s c r i b e  th e  p o p u l a t i o n  d e n s i t y  v e c t o r , N  i n  te rms  o f  
m u l t i p o l e  d e n s i t i e s , N  must be e x p r e s s e d . i n  te rms  o f  th e  s p h e r i c a l  b a s i s  
v e c t o r s  d i r e c t l y  r e l a t e d  t o  t h e s e  m u l t i p o l e  d e n s i t i e s .  The v e c t o r s  
d e s c r i b i n g  t h i s  s ix ' - d i m e n s i o n a l  sys tem a r e  o b t a i n e d  by d e f i n i n g
T1L " (V  0) L = 0,1 ■ (5)
t 2 l ,= (0 ,  v L .)  L ’ = 0 , 1 , 2 , 3  (6) -
at at
where and v^,  a r e  th e  2 -d i m e n s i o n a l  and 4 - d i m e n s i o n a l  s p h e r i c a l  
b a s i s  v e c t o r s  r e s p e c t i v e l y  ( B a y l i s ,  1983) .
u0  =  ? 2  ( 1 ’ 1 )  ( 7 )
U1 = ?2
vj  = \ ( 1 , 1 , 1 , 1)  (9)
v j  = ( 3 , 1 , - 1 , - 3 )  (10)
 ̂ v 2 = i a , - ? . , - l . i )  ( i d
v3 = W E  C1’-3-3’-1) (12)
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The quantities N, S,  F and Y„can be expressed in a manner based on th e









*3/2 - 3 / 2
^  I
S 3 /2 3/2
S 3/2 h
S3/2 -H
S3/2 - 3 / 2
= (15)
(18)
tT* 1. 0 \
r  =•






( 2 0 )
1 ^ i s  t h e  t w o - d i m e n s i o n a l  i d e n t i t y  m a t r i x ,  1 ^ i s  t h e  f o u r - d i m e n s i o n a l
i d e n t i t y  m a t r i x  and 0  r e p r e s e n t s  th e  a p p r o p r i a t e  d im ens io ne d  n u l l
2 * —8 m a t r i x ,  t  i s  th e  a v e r a g e  l i f e t i m e  o f  t h e  4 P s t a t e  (x = 2 . 77  x 10 , s ,
Copley and K rau se ,  1969) . I n  th e  a b s e n c e  o f  r a d i a t i o n  t r a p p i n g  X =
2 2
x ^ ( 4  P^)  = x 2 ( 4  ^ 3 / 2 ^ ’ ^ u t  when r a d i a t i o n  i s  i m p r i s o n e d  by the  v a p o u r ,
A A '
^ X^. The Y^j components  of  Y a r e  ( 2 i ) x ( 2 j )  d i m e n s i o n a l  m a t r i c e s .  The
A
i n d i v i d u a l  e l e m e n t s  o f  t h e  y ^ j  m a t r i c e s  a r e  r e l a t e d  t o  Z ( J ,m  J ' , m ' ) ,  
th e  r a t e s  o f  c o l l i s i o n a l  t r a n s f e r  be tw een  t h e  v a r i o u s  Zeeman su bs ta tes * .
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8 •
Z(J , m  -*■ J r , m ' )  = NvQ(J,m - r . J '  ,m' )
<■
where  N i s  t h e  b u f f e r  ga s  number d e n s i t y ,
(21)
/  8kTv =» / ------V Try ( 22)
i s  t h e  a v e r a g e  r e l a t i v e  sp eed  o f  th e  c o l l i d i n g  p a r t n e r s  and y i s  t h e i r  
r e d u c e d  mass .  The c r o s s  s e c t i o n  Q i s  th e  t h e r m a l l y  a v e r a g e d  c r o s s  
s e c t i o n  f o r  t h e  t r a n s f e r  (Jm •*■ J ' m ' ) .  S i n c e  t h e  Zeeman s p l i t t i n g  i n  
e ach  f i n e  s t r u c t u r e  s t a t e  i s  much s m a l l e r  t h a n  kT and  t h e  c o l l i s i o n s  
a r e  i s o t r o p i c  ( s p h e r i c a l l y  s y m m e t r i c a l ) , t h e  c r o s s  s e c t i o n s  w i t h i n  each 
f i n e  s t r u c t u r e  s t a t e  oh>ey t h e  r e l a t i o n  1 ‘
Q(J,m J , m ' )  = Q (J , -m  ■+■ J , - m ’ ) .
The s u b s t i t u t i o n  o f  e q s .  ( 1 3 ) ,  ( 1 6 ) ,  (19)  and (20)  i n t o  e q . (4) 
l e a d s  to
(23)
I T .  1. + y 
' 1 ~1 11
Y21
'12
T2 l l  + ^22
(24)
The v e c t o r s  N and S a r e  now e x p r e s s e d  i n  terms  o f  t h e  s p h e r i c a l  b a s i s  
v e c t o r s  o f  e q s .  (5) and ( 6 ) .
(25)
where
- V N1 (26)'
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J
(L) ~T H- 
, n 2 =
Tlie e q u a t i o n s  f o r  S, anc* s 2 ^  f o l l o w  i n  an i d e n t i c a l  manner .  The
q u a n t i t i e s  and r e p r e s e n t  t h e  2 - t h  m u l t i p o l e  moment d e n s i t y
a s s o c i a t e d  w i t h  a n d l ^ ,  r e s p e c t i v e l y .
n ^ ^  = _^) ( o c c u p a t i o n  o r  monopole component  o f  N^) (28)
n £ ^  = ^  _jj) ( o r i e n t a t i o n  o r  d i p o l e  component o f  N^) (29)
n 2 = ̂ (N3/2  3 / 2  + N3 /2  h + N3/2  ~h + N3/2  - 3 / 2 } ( 3 ^
, ( o c c u p a t i o n  component o f  N2)
n 2  ̂ = 1 7 5  (3N3/2  3 /2  + N3/ 2  4  " N3/2  ~h  " 3N3 /2  - 3 / 2 ^  ( 3 1 )
I
( o r i e n t a t i o n  component o f  N )4 C
n 2 "  's(N3 / 2  3 /2  “ N3/2  h ~ N3 / 2  -U + ^ 3 / 2  - 3 / 2 5 (32)
( a l i g n m e n t  o r  qu ad ru p o le .  component  o f  i ^ )
(3) 1
n 2 = T A  (N3/2 3 /2  "  3N3/2 % + 3N3/2  - h  ~ M3/2  - 3 / 2 ) (33)
( o c t u p o l e  component o f  N^)
When th e  sy s t e m  i s  c o l l i s i o n a l l y  i s o t r o p i c ,  the  r o t a t i o n a l  i n v a r -, *
A
i a n c e  o f  the  components  o f  y> i n  c o n j u n c t i o n  w i t h  e q . ( 2 5 ) ,  p e r m i t
e q . (24) t o  be e x p r e s s e d - i n  t e rms  o f  t h e  a p p r o p r i a t e  m u l t i p o l e  d e n s i t i e s
( B a y l i s  1979) .
T- i + Y a )  •• v a >
‘1 yl l  ’ 12
YU )  ‘ r 1 + y ( l )
21 2 Y22
The m a t r i x  e l e m e n t s  a r e  d e f i n e d  as  f o l l o w s :
\
(34)
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( T \  /ST  ~  ~
T11 '  “l  ' ^ “l  L ’  O'1 <35>
Y y ’ ‘  \  t  *  0 . , 1 , 2 , 3  i  , . ( 3 6 )
* *
(1  ̂ T a
t 12 '  *L < * L 2 > \  L '  ° - 1 <37>
(i  \ T /N a
Y21 “ ? l  (Y21)uL L = 0 , 1  (38)
The ' a n d  a r e  c^ e m u l t i p o l e  d ecay  r a t e s  . The e le m e n ts
Y1 >P and Y ^  a r e  t h e  f i n e  s t r u c t u r e -  e x c i t a t i o n  t r a n s f e r  r a t e s  f o r  the
2 2 2 2
( -1" P3 / 2  ̂ and  ̂ P 3 /2 t r a n s i t i o n s ,  r e s p e c t i v e l y .  The e l e m e n t s
Y ^ ^  end Y ^ ^  a r e  t h e  f i n e  s t r u c t u r e  o r i e n t a t i o n  t r a n s f e r  r a t e s .  A l l
(Lr)o t h e r  y te rms  must  be z e ro  to c o n s e r v e  the  symmetry r e l a t i o n s h i p s  
obeyed by y ( B a y l i s ,  1983) .
The f o l l o w i n g  e q u a t i o n s  d e f i n e  some o f  t h e  r e l a t i o n s h i p s  be tween  
t h e  Y^V e l e m e n t s  o f  e q s .  (35) — C38) :
y J™ -  / 2  1 y « >  | ( 3 9 ) ;  Y <°> -  £  | Y<°> | . . « 0 )
The f i n e  s t r u c t u r e  t r a n s f e r  r a t e s  a r e  r e l a t e d  as  f o l l o w s  t o  the  f i n e  
s t r u c t u r e  t r a n s f e r  c r o s s  s e c t i o n s  and CT2 1 ^ '
^  = (41); Y21) " Nva21} (A2)
S i m i l a r l y ,
Hence ,
i f - *  i f  <43> ■ <«>
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The m u l t i p o l e  d e c a y  c r o s s  s e c t i o n s  a j ^  and (L = 1 , 2 , 3 )  a r e
d e f i n e d  by ’ ' I
«
■ »™<J> . <47, •
Y22’ "  " v022) ' ■ ' <48> 
The m u l t i p o l e  r e l a x a t i o n  r a t e s  a r e  d e f i n e d  by
Xn ) =. NvA^ 1) ' ’
X2 ?  = NvA(3/2  ' • (50)
where A a n d  a r e  the  m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s .  The *
v a r i o u s  r e l a x a t i o n  r a t e s  and c r o s s  s e c t i o n s  d e f i n e d  i n  e q s .  (A3),  (44)-, ^  
( 4 7 ) - ( 5 0 )  a r e  r e l a t e d  as f o l l o w s  ( B a y l i s ,  1983) :
Y < «  = Y (0 )  +  x ( i )
Y11 T11 11
♦
Y g ’ - Y S M ?  ' » «
• g ’  -  • £ >  ♦ < l > ' •
. ^  = .  • <*>
E q u a t i o n s  ( 3 9 ) —(52) a r e  r e q u i r e d  to  s o l v e  eq .  (34) i n  te rms  of  
th e  m u l t i p o l e ^ r e l a x a t i o n  r a t e s .  E q u a t i o n  (34) y i e l d s  th e  f o l l o w i n g  
s o l u t i o n  f o r /  “ l
- 1  ^  ( U  (L)
T2 Y22 -Y12
t - 1 +  y ( L > 
1 '11
(55)
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where = [(t"1 + Y ^ X t"1 + " Y ^  Y ^  1 • (56)
LL'The v a r i a b l e  K ^ i s  now d e f i n e d  t o  f a c i l i t a t e  t h e  m a n i p u l a t i o n  of  
eq .  ( 5 5 ) .
LL- n ( L >
K .  = _ L _  . % ___  a , b  = 1 , 2  (57)
( L ' )  (L)
°b s a
The solution of eq . (55)  follows by considering the two experimental
2
c a s e s ,  o f  which  one i n v o l v e s  t h e  o p t i c a l  p o p u l a t i o n  of  th e  4 E, , s t a t e
0
and the  o t h e r  the  e x c i t a t i o n  o f  th e  4 “P ^ 2 _ ^ 2 s t a t e .  E q u a t i o n  (34) 
must  be m a n i p u l a t e d  t o  o b t a i n  e x p r e s s i o n s  f o r  and n ^ ^  f o r  the
a p p r o p r i a t e  L ,L '  v a l u e s  and o p t i c a l  e x c i t a t i o n  modes.
( i )  When t h e  P^ s t a t e  i s  o p t i c a l l y  e x c i t e d ,  S^ = [ S 
(L)
s 2 = 0  f o r  L = 0 , 1 , 2 , 3 .  E q u a t i o n s  ( 5 5 ) - ( 5 7 )  t h e n  y i e l d  th e  
f o l l o w i n g  r a t i o s :  ^
01 n ( 0 > s (1) °1
Ki 7  = 1 1 = 2 22 1 . (58)
n < » s < 0> [ T ' ^ Y ^ I  °
01 y ^  D1
' K12  = ■ d  ( 5 9 )
1 v ( l )  °0
21.
2 (L)
( i i )  When t h e  P 3 / 2  - 3 / 2  s C a te  i s  o p t i c a l l y  e x c i t e d ,  5 ^ = 0  L = 0 , 1
and S2 =/. 0
0
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K01 = I lL .  (60) 01 ... ^ l 1 + Yn }) h ,
21 -  Y( l )  * Db '  ( x - 1 + Y<J>) • » 0 (61)
02 _ . - 1  (0)  V T1
22 '  (T1 + Y11 } • D() (62)
LL'
The K a r e r e l a t e d  t o  t h e  e x p e r i m e n t a l l y  measured  i n t e n s i t y  r a t i o s  o f
t h e  components i n  the  r e s o l v e d  Zeeman f l u o r e s c e n t  s p e c t r a .  The e x p l i c i t  
LL1forms o f  th e  K ^ a ^s  d e r i v e d  from e q . (59) u s i n g  th e  d e f i n i t i o n  of 
n l ^  ’ n 2 ^  s l*^ and s 2 ^  g iv e n  i n  e q s .  ( 2 6 ) - ( 3 3 ) .
•v
Sin ce  i n  t h i s  e x p e r i m e n t  o n ly  c i r c u l a r l y  p o l a r i z e d  r a d i a t i o n  was
Nd e t e c t e d ,  the  r a t i o s  o f  th e  Zeeman s t a t e  p o p u l a t i o n s  Jm can be
Nt , , ’J ' m1
o b t a i n e d  from th e  measured i n t e n s i t y  r a t i o s  u s i n g  th e  a p p r o p r i a t e  
E i n s t e i n  A c o e f f i c i e n t s  which d e s c r i b e  t h e  decay  r a t e s  o f  the  e x c i t e d  
s t a t e s  by c i r c u l a r l y  p o l a r i z e d  r a d i a t i o n  ( M i t c h e l l  and Zemansky, 1961) .
The decay of  t h e  e x c i t e d  s t a t e s  o c c u r s  by b o t h  l i n e a r l y  p o l a r i z e d  
tt l i g h t  e m i t t e d  p e r p e n d i c u l a r l y  to  t h e  m a g n e t ic  f i e l d  and c i r c u l a r l y
p o l a r i z e d  l i g h t  e m i t t e d  p a r a l l e l  to t h e  m a g n e t i c  f i e l d .  For the
2 2 - 
4 P, -*■ 4 S, t r a n s i t i o n
-5 -5 ,
%
Al  ±h '■ kh  ±h = 1 : 2  ' ‘ , • (6M
Tf 0
where Aj ., and A, ., a r e  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  f o r  th e  decay  
'i --i.
2 + 
of  the  P, , s u b s t a t e s  by e m i s s i o n  o f  ir and 0 p o l a r i z e d  l i g h t ,
, -5
r e s p e c t i v e l y .
J
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For t h e  4 P , „  +  4 S, t r a n s i t i o n  3 / 2  %
A3/2  ± 3 / 2 : A3/2  ±h'  A3/2  i!j  = 3 : 1 : 2  (65)
C7 TT ' ■
where ^ 2 / 2  +% an(  ̂ ^ 3 /2  +1s a r e  t îe t r a n s ^ t ^ on p r o b a b i l i t i e s  f o r  the
2 * + 
decay  o f  t h e  A P2 / 2  +4  s u b s t a t e  by t h e  e m i s s i o n  o f  o and ir p o l a r i z e d
a
r a d i a t i o n ,  r e s p e c t i v e l y ,  and +3 / 2  i s  che t r a n s i t i o n  p r o b a b i l i t y
2 + 
f o r  t h e  decay  o f  t h e  A 2 ^ /2  +3 /2  s u ^ s c a t e s  by p o l a r i z e d  r a d i a t i o n .
+
When o n l y  th e  O-  components  e m i t t e d  p a r a l l e l  t o  t h e  Magnet ic  f i e l d  a r e  
d e t e c t e d ,  t h e  above r e l a t i o n s h i p s  may be summar ized by th e  f o l l o w i n g  ' 
e x p r e s s i o n ,  r e l a t i n g  the  a c t u a l  p o p u l a t i o n  r a t i o s  t o  t h e  m e a s u r e d " i n ­
t e n s i t y  r a t i o s .  . v
N t I .  A°t , ,Jm Jm J  m w.
N  T 1  I  1  T 1 1  A  ^J m J ’m A _
dm
( 6 6 )
where A°/ 2  ^  A°/ 2  ^  A° ±lf = 3 : 1 : 2 .  (67)
n  1
The e x p l i c i t  forms of  t h e  K , v a l u e s  a r e :ab -
01 \  ^  —u  *
K11 = /  H x
K22 ~ f -  T3/2  3 /2 -  T3/2  4  + * 3 /2  ~h  + 1 \  (69)
13/2 - 3 / 2  I 3 /2  - 3 / 2  X3 / 2  - 3 / 2 T)
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k»2 ( p n j n  _ 3 .  3 p H * .  + , (70)
V 3 /2  - 3 / 2  3 /2  - 3 / 2  3 /2  - 3 / 2_ . . .  . . .  . . .  )  r
n ° | . [ - 2 m m  + 9 p r it  .  9 ¥  1 , (7 1 )
V 3 /2  - 3 / 2  3 /2  - 3 / 2  ^3 /2  - 3 / 2
where k -  I 3 /2  +  3 j  f  4- 1  ̂ (72>
3 / 2  - 3 / 2  3 /2  - 3 / 2  3 / 2  - 3 / 2
The e x p l i c i t  forms of  t h e  D v a l u *  (L = 0 „ 1 , 2 , 3 )  g iv e n  by eq .  (56)
L
a r e  now l i s t e d .
Do "  ' ^ i 1 >(T 2 l  +  ' r2 ? >  -  * 2 ?  Yn  1 . ( 7 3 >
Di -  K ^ + Y ^ H t ^  + y ^ )  - y ' “  y { “ ] "  ■ (7 4 )
( »
■>2 -■  ( T ^ t T - ' + Y ™ )  (75 )
D3 = ( T ^ ) d ' 1 + Y ^ )  • (76)_
t
The q u a n t i t i e s  Y^i  * ^12^ and ^ 1 1 ^ ’ Y22^ 3rS assumed known s i n c e  
th e  f i n e - s t r u c t u r e  t r a n s f e r  c r o s s  s e c t i o n s  c r ^  and a 2 ^  have  been 
d e te r m in e d  ( C i u r y l o  and Krause ,  1982,  1983) i n  z e ro  f i e l d  and a t  ve ry  
low p r e s s u r e s .  E q u a t i o n s  (62) and (63) may be  s o l v e d  d i r e c t l y  f o r  ' -
and u s i n g  t h e s e  v a l u e s  of  and c r ^  . However,  e q s .  ( 5 8 ) - ( 6 1 )
a r e  c o u p le d  b e c a u s e  o f  the  o r i e n t a t i o n  t r a n s f e r  r a t e  p r o d u c t  Y ^ ^  ^21^ 
c o n t a i n e d  i n  e q . ( 7 4 ) .  An e s t i m a t e  o f  t h i s  p r o d u c t  can  be  o b t a i n e d  from .
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t h e  e x p e r i m e n t a l  d a t a . . a s sum in g  ;s i n g l e  c o l f i s i o n  c o n d i t i o n s , which  requi r .e
t h e  c o l l i s i o n  r a t e  t o  be  much s m a l l e r  t h a n  t h e  r e c i p r o c a l  l i f e t i m e  of
' t h e  e x c i t e d  s t a t e .  Under t h i s  c o n d i t i o n  t h e  t r a n s f e r  c r o s s  s e c t i o n
"betweern Zeeman s t a t e s  beqomqs ' ( S k r a l i n S k i , ;1982) t  _
■ .  ■ ■ . .  . • ( 7 7 )
Jm :
*  •  • * ■ •  , .
The f i n e - s t r u c t y r e  o r i e n t a t i o n  t r a n s f e r  r a t e s  a re ,  '
• ^ 2 ) - » TOn  - “ d ■ Sv? 2 i Y  ' ’ « 8>.
where an8 °21^ a r e  c^ e ^^ne“ st-T u c t u r e  o r i e n t a t i o n  t r a n s f e r  c r o s s
s e c t i q p s .  These  c r o s s  s e c t i o n s  a r e  t h e  sums o f '  t h e  a p p r o p r i a t e  e l e m e n ts  
o f  t h e  i n d i v i d u a l  y ^ 2 and m a t r i c e s  (Bay . l i s ,  1979,'  e q . 8 3 ) . '  ' •’
 ̂ ’ ^  , = /1 0  (Q(4 -4  -*■ *3/2 r 4 )  -  Q(»s -4.  -  3 / 2  • - '■ . (*9>
* r i '
‘ ° i 2 > = ' t  (q (Js _ls "  3 /2  “ 3/2^ “ “** *  3 /2  3 / 2 ) t -  ■' <8°)
y  - ' ;  . ' _  .
^  = ^  CQC-3/2' - 3 / 2  *  4. - 4 ) '  -  Q( 3 / 2  - 3 / 2  -  4 4 ) )  . (81)
A v a l u e  f o r  c f P  was o b t a i n e d  by a v e r a g i n g  'eqs*. (79) and (80) . , I t  
t i j r n s  o u t  t h a t  t h e  v a l u e  f o r  M e  p r o d u c t  ( a ^ ) ( 0 ^ )  i s  z e r o  w i t h i n  
e x p e r i m e n t a l  e r r o r  a s  shown i n - T a b l e  1.  C o n s e q u e n t l y ,  t h e  p r o d u c t
? ay  8e n e g l e c t e d  to a good a p p r o x i m a t i o n .  Under t h i s  s i m p l i ­
f i c a t i o n  e q s .  (58)  and ( 6 1 ) - ( 6 3 )  y i e l d  t h e ' m u l t i p o l e  de cay  r a t e s  j
and whic h ,  i n  c o n j u n c t i o n  w i t h  e q s .  (49) —(54)  g i ve  t h e  m u l t i p o l ^ ^ - 1
s  A',(1)  and A ^  : . . .r e l a x a t i o n  c r o s s  s e c t i o n '^^
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3/2  Nv t ,
%  [ ■ ; ;  ■ ■ ]  *  
■ * ]  *
01
' l l




1 + Nv t^ G ^ )
-  1
-  1
(a i l  } (82)
(83)
E q u a t i o n s  (82) and (83)  were used  t o  o b t a i n  t h e  m u l t i p o l e  r e l a x a t i o n  
c r o s s  s e c t i o n  f rom t h e  e x p e r i m e n t a l  measu reme nts  of  t h e  Zeeman f l u o r e s c e n t  
i n t e n s i t i e s  and b u f f e r  gas  p r e s s u r e s .  I t  s h o u l d  be n o t e d  t h a t ,  i f  f i n e -  
s t r u c t u r e  mi x ing  i s  n e g l e c t e d ,  o h l y  the  f i r s t  t e rm  a p p e a r s  i n  e q s .  (82) 
and ( 8 3 ) ,  s i n c e  th e  se con d  te rm a l l o w s  f o r  f i n e - s t r u c t u r e  m ix in g .  In 
the  p r e s e n t  e x p e r i m e n t  the" sec.ond te rm i n t r o d u c e s  a c o r r e c t i o n  of  
a p p r o x i m a t e l y  7% to t h e  A ^ ^  v a l u e s ,  r e p r e s e n t i n g  th e  c o n t r i b u t i o n  o f  
f i n e - s t r u c t u r e  mix ing  to  t h e  o b se rv e d  m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s .
e
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I I I .  THE APPARATUS AND THE EXPERIMENTAL PROCEDURE
1. C e n e r a l  D e s c r i p t i o n
A s c h e m a t i c  r e p r e s e n t a t i o n  of  the  a p p a r a t u s  i s  shown i n  Rig.  1. 
Resonance r a d i a t i o n  e m i t t e d  from an e l e c t r o d l e s S  r . f .  p o t a s s i u m  d i s ­
c h a rg e  lamp l o c a t e d  in  a un i fo rm  ma gnet ic  f i e l d  o f  ab o u t  5 .4  kG 
g e n e r a t e d  by a 1 2 " e l e c t r o m a g n e t ,  was used to  e x c i t e  p o t a s s i u m  vapour  
in  a f l u o r e s c e n c e  c e l l  p l a c e d  i n  a second mag ne t ic  f i e l d .  C o in c id e n c e s  
be tween th e  Zeeman components o f  th e  r a d i a t i o n  e m i t t e d  from the lamp 
and the  2 eeman t r a n s i t i o n s  in  tl^e f l u o r e s c e n c e  c e l l  were produced  by
v a r y i n g  the s t r e n g t h  of  th e  f i e l d  s u r r o u n d i n g  th e  c e l l .  Th is  e x c i t a t i o n
2method was used to  s e l e c t i v e l y  pop u la ce  e i t h e r  the  4 P^ / 2  3 / 9  o r  t *ie
2 .  •4 P, j p o t a s s i u m  s t a t e s  (Berdowski ,  S h i n e r  and K ra use ,  1971) .
-5
The. r a d i a t i o n  e m i t t e d  f rom t h e  lamp p a r a l l e l  t o  the  mag ne t ic  f i e l d  
' +  * -
i s  a m i x t u r e  of  r i g h t  (a ) and l e f t  (a ) c i r c u l a r l y  p o l a r i z e d  l i g h t .
A p r i s m  l o c a t e d  be tween  th e  p o l e s  of  th e  e l e c t r o m a g n e t  was used  to 
d i r e c t  the  l i g h t  beam in '  a d i r e c t i o n  p e r p e n d i c u l a r  to  the  ma gnet ic  
f i e l d .  I t  was then pa s s e d  t h r o u g h  a l e n s  and a n ' i n t e r f e r e n c e  f i l t e r  
which s e p a r a t e d  the  ( ^ P . ^  " ^ S i , )  7665 k  and ( 4 2 Plr -  42 S,p 7699 X 
components .  The q u a r t e r  wave p l a t e  and l i n e a r  p o l a r i z e r  p roduced  mono­
c h r o m a t i c  a - r a d i a t i o n  l i n e a r l y  p o l a r i z e d  a l o n g  th e  v e r t i c a l  a x i s ;  t h i s  
was th en  focuse d  i n t o  the  f l u o r e s c e n c e  c e l l  mounted i p  an oven be tween
f  .
th e  p o l e s  of  the second e l e c t r o m a g n e t .
The r e s u l t i n g  f l u o r e s c e n c e  was moni tor ed  p e r p e n d i c u l a r l y  to the 
e x c i t i n g  r a d i a t i o n  t h r o u g h  an a p e r t u r e  in  the  p o l e - p i e c e  of  the
18
R ep ro d u ced  w ith p erm iss io n  o f th e  copyrigh t ow ner. Further reproduction  prohibited w ithou t p erm issio n .
Fig .  1 Arrangement  o f  th e  a p p a r a t u s  f o r  Zeeman s p e c t r o s c o p y  
L, s o u r c e  o f  e x c i t i n g  l i g h t ;  F, i n t e r f e r e n c e  f i l t e r ;  
P , HN-7 p o l a r o i d ;  M, e l e c t r o m a g n e t s ; F-P,  i n t e r f e r o ­
m e te r ;  A, a m p l i f i e r ;  RG, ramp g e n e r a t o r  -  b o th  .con­
n e c t e d  t o  an X-Y p l o t t e r .
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e l e c t r o m a g n e t .  A l e n s  p l a c e d  in  thijs a p e r t u r e  d i r e c t e d  the  f l u o r e s c e n c e
«
on to  the  m i r r o r s  of  a s c a n n i n g  F a b r y - P e r o t  i n t e r f e r o m e t e r .  The s u b s e ­
q u e n t  o u t p u t  r a d i a t i o n  was b r o u g h t  to focus  a t  a 1 mm p i n h o l e  and . f i n a l l y  
focu sed  on the  p h o t o c a t h o d e  of  a l i q u i d  n i t r o g e n - c o o l e d  p h o t o m u l t i p l i e r - .  
The p h o t o m u l t i p l i e r  s i g n a l  was a m p l i f i e d  by a p icoammeter  and p l o t t e d  
on an X-Y-char t  r e c o r d e r  in  r e l a t i o n  to  t h e  p l a t e  s e p a r a t i o n  o f  the  
i n t e r f e r o m e t e r .
2.  The S p e c t r a l  Lamp
^  The s p e c t r a l  lamp c o n s i s t e d  o f  a py rex  c y l i n d e r  2 . 5  cm l o n g  and
2 . 5  cm in d i a m e t e r  f i t t e d  w i t h  p la n e  windows and a 2 .5  cm l o n g  s i d e  arm
*
which c o n t a i n e d  a p p r o x i m a t e l y  1 g o f  p o t a s s i u m .  The lamp a l s o  c o n t a i n e d  
0..6 t o r r  a rgon to  p r o v i d e  s t a b i l i t y  t o - t h e  d i s c h a r g e .  - I t  was c o a te d  
a p p r o p r i a t e l y  on th e  o u t s i d e  w i th  a c o l l o i d a l  s u s p e n s i o n  of  g r a p h i t e  to 
r educe  the i n t e n s i t y  of s c a t t e r e d  l i g h t .  The s i d e  arm was p la c e d  i n  a 
s m a l l  e l e c t r i c a l  h e a t i n g  oven to a l l o w  c o n t r o l  of  the  p o ta s s iu m  vapour  
p r e s s u r e .  The main body of  the  lamp was p l a c e d  i n s i d e  an r . f .  c o i l  which 
was conn ec te d  t o  a 38 MHz o s c i l l a t o r  by c o a x i a l  c a b l e s .  The o p e r a t i o n a l - 
s t a b i l i t y  o f  th e . l a m p  was mo n i to red  by p a s s i n g  p a r t  o f  the e m i t t e d  l i g h t  
th ro u g h  an i n t e r f e r e n c e  f i l t e r  and r e c o r d i n g  t h e  i n t e n s i t y  w i t h  a 
p h o t o d i o d e ,  whose o u t p u t  was p l o t t e d  on a s t r i p - c h a r t  r e c o r d e r .  .The
v a r i a t i o n  i n  lamp i n t e n s i t y  mo n i to red  i n  t h i s  manner was of the  o r d e r
'  o f  1% ov e r  th e  u s u a l  l e n g t h >of  a n ' e x p e r i m e n t a l  scan  (200 sec) ' .  The 
lo n g  term l a m p - s t a b i l i t y  was q u i t e  good,  though i t s  o u t p u t  i n t e n s i t y  
d e c r e a s e d  by abou t  1.5% p e r  hour  o f  o p e r a t i o n  b ecau se  o f  th e  d i s ­
c o l o u r a t i o n  o f  the  p y r e x  e n v e l o p e .
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3. The F l u o r e s c e n c e  C e l l  and Oven
The p y r e x  f l u o r e s c e n c e  c e l l  was 6 cm l o n g  and 2 . 5  cm i n  d i a m e t e r ,
>
and was f i t t e d  w i t h - t w o  p l a n e  windows p e r p e n d i c u l a r  to e a c h  o t h e r ,  
t h r o u g h  which  e x c i t i n g  r a d i a t i o n  e n t e r e d  and f l u o r e s c e n c e  was m o n i to r e d .
A s i d e  a rm -4 cm lon g  and 1 .5  cm i n  d i a m e t e r  c o n t a i n i n g  m e t a l l i c  p o t a s s i u m  
was c o n n e c t e d  to t h e  bo t to m  o f ^ t h e  c e l l .  The cop o f  t h e  c e l l  was co n­
n e c t e d  to t h e  vacuum and gas f i l l i n g  sy s te m  by a f o l d e d  2 mm c a p i l l a r y  
t u b e .
r
The b u f f e r  gas  p r e s s u r e s ,  whi ch  w e r e - i n  the  range  .-01 to  .09 t o r r ,
'' were measu red  by an MKS B a r a t r o n  c a p a c i t a n c e  gauge to p r o v i d e  ' r e l i a b l e
a b s o l u t e  gas p r e s s u r e  me as u re m ent s .  The gauge was checked  a g a i n s t  a 
c o l d - t r a p p e d  McLeod gauge and t h e  p r e s s u r e  v a r i a t i o n  was s m a l l e r  than  
th e  s c a l e  r e a d i n g  u n c e r t a i n t y  o f  t h e  McLeod gauge .
The c e l l  was l o c a t e d  i n  an oven c o n s i s t i n g  of  two p a r t s ,  one c o n -  
. , t a i n i n g  th e  main body of  th e  c e l l  and th e  o t h e r  e n c l o s i n g  th e  s i d e  arm. 
The. t e m p e r a t u r e  of '  th e  main oven was m a i n t a i n e d  by an e l e c t r o n i c  t em pe ra ­
t u r e  c o n t r o l l e r  r e g u l a t e d  w i t h  a t h e r m o s t a t  l o c a t e d  i n  t h e  oven.  The 
. s i d e  arm was s u r r o u n d e d  by a c o p p e r  c o i l  th ro u g h  which s i l i c o n  o i l  from
• an u l t r a t h e r m o s t a t  w a s ^ c i r c u l a t e d . The t e m p e r a t u r e  was m on i t o re d  by
‘ , *  ̂ oa n e tw ork  o f  c o p p e r - c o n s t a n t a n  t he rm ocou p le s  r e f e r e n c e d  to  0 C which
were  p l a c e d  i n  th e  main oven and a t  v a r i o u s  p o i n t s  a l o n g  t h e  s i d e  arm.
A t e m p e r a t u r e  d i f f e r e n c e  of  a&out 40°C was m a i n t a i n e d  be tween  th e  main
oven and t h e  s i d e  arm to  p r e v e n t  p o t a s s i u m  c o n d e n s a t i o n  on the  windows
of  the  c e l l .  The l i q u i d  p o t a s s i u m  i n  th e  bo t t o m  o f  th e  s i d e  arm was 
*
e s t i m a t e d  to  have a t h e r m a l  g r a d i e n t  o f  abou t  .25°C which  was l e s s  chan 
the  v a r i a t i o n  i n  th e  s i d e  arm t e m p e r a t u r e .  The s i d e  arm t em peracu re
ranged  betwe^ji«A80 C and 72°C o v e r  t h e  v a r i o u s  e x p e r i m e n t a l  runs  
i
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The c e l l  body and th e  i n n e r  w a l l s  o f  th e  oven were c o a t e d  w i t h  
c o l l o i d a l  g r a p h i t e  to re d u c e  s t r a y  s c a t t e r e d  l i g h t .  The s c a t t e r e d  l i g h t  
i n t e n s i t y ,  measured  by f r e e z i n g  o u t  th e  p o t a s s i u m  in  th e  c e l l ,  was found 
t o  be i n s i g n i f i c a n t  i n  compar i son  w i t h  th e  measured f l u o r e s c e n t  i n t e n ­
s i t i e s .  The f l u o r e s c e n t  l i g h t  t r a v e r s e d  a d i s t a n c e  o f  a p p r o x i m a t e l y  
7 mm i n  the  v a pour  b e f o r e  r e a c h i n g  the  e x i t  window.
4 .  E l e c t r o m a g n e t s  and Power S u p p l i e s
Two w a t e r - c o o l e d  Magnion Model L-128 A e l e c t r o m a g n e t s  w i t h  f o u r -
i n c h  gaps and 1 2 - i n c h  p o l e s  were used to  p r o v i d e  t h e  m agnet ic  f i e l d
*
s u r r o u n d i n g  the  lamp and th e  c e l l .  In ench c a s e  the  homo gen ei ty  o f  the 
f i e l d s  i n  th e  c e n t r a l  r e g i o n  be tween  the  p o l e s  was b e t t e r  Chan 0.1%.
The a p e r t u r e  i n  th e  p o le  p i e c e  of  t h e  magnet  s u r r o u n d i n g  the  c e l l  f a c i l ­
i t a t e d  t h e  d e t e c t i o n  of  f l u o r e s c e n c e  e m i t t e d  p a r a l l e l  to the  f i e l d .
The power s u p p l y  f o r  the  magnet  s u r r o u n d i n g  the  lamp was p r o v i d e d
by an E l e c t r o n i c s  Measurements  SCR c o n s t a n t  c u r r e n t  power s u p p l y  model.
*
120-40 .  The c e l l  magnet  was powered by an EM model 120-60 .  The l a t t e r  
su p p ly  p r o v i d e d  s u f f i c i e n t  c u r r e n t  to  produ ce  f i e l d s  up to a b o u t  10  kC.
5.  O p t i c a l  Components and P h o t o m u l t i p l i e r  '
The l i g h t  e m i t t e d  by the  s p e c t r a l  lamp was r e f l e c t e d  by t h e  p r i s m  
and was c o l l i m a t e d  by a 25 cm f o c a l  l e n g t h  l e n s .  The S p e c t r o l a b  i n t e r ­
f e r e n c e  f i l t e r s ,  used to  s e p a r a t e  th e  two r e s o n a n c e  f i n e - s t r u c t u r e  
components ,  had a r e j e c t i o n  of  l e s s  th an  0 . 1 % and a t r a n s m i s s i o n  of
_ * Q 6*
72% i n  th e  c a s e  o f  the  7664.9 A f i l t e r  and 64% f o r  the  7699 A f i l t e r .
The axes  o f  t h e  A / 4 - p l a t e  was r e d e t e r m i n e d  and o r i e n t e d  so t h a t  the  
slow and f a s t  axe s  were a t  an a n g l e  o f  45° w i t h  th e  v e r t i c a l .  T h is
V
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a r ra ng em en t  produced  o r a d i a t i o n  l i n e a r l y  p o l a r i z e d  p a r a l l e l  to the 
v e r t i c a l  a x i s  and 0 + r a d i a t i o n  p o l a r i z e d  a l o n g  tlre_ h o r i z o n t a l  a x i s .  The 
a x i s  o f  th e  l i n e a r  p o l a r i z e r  (HN-7 P o l a r o i d )  was a l i g n e d  w i t h ' Jthe  v e r t i -
I
c a l  a x i s  to  e l i m i n a t e  th e  o component .
The l i n e a r l y  p cr la r rzed  a  r a d i a t i o n  was b r o u g h t  Co fo cu s  in  the  
f l u o r e s c e n c e  c e l l  u s i n g  a f = 7 cm l e n s .  The f l u o r e s c e n c e  e m i t t e d  
p a r a l l e l  to  th e  f i e l d  .was c o l l i m a t e d  and made i n c i d e n t  on t^ie m i r r o r s
o f  th e  i n t e r f e r o m e t e r  by a f = ' 12\4 cm l e n s  p l a c e d  i n  th e  p o l e  p i e c e
1-
a p e r t u r e .  The l i g h t  l e a v i n g  th e  i n t e r f e r o m e t e r  was foc used  a t  a 1 mm
p i n h o l e  and the  f l u o r e s c e n t  s pec t r um  produced  by th e  s c a n n i n g  of  die
i n t e r f e r o m e t e r  was fo cused  o n t o  t h e  p h o t o c a t h o d e  o f  an ITT model FW-118
p h o t o m u l t i p l i e r .  The l a t t e r  was coo led  by l i q u i d  n i t r o g e n  t o  reduce
_1?
the  d a rk  n o i s e  to»-the l e v e l  o f 10 “ A, which r e p r e s e n t e d  a p p r o x i m a t e l y
0.1% of  a t y p i c a l  s i g n a l .  The p h o t o m u l t i p l i e r  was supp’l i e d  w i t h  h igh  
v o l t a g e  by a F luke  model 4.12-13 power s u p p ly  o p e r a t i n g  a t  1 . 6  kV. The 
' p h o t o m u l t i p l i e r  s i g n a l  was a m p l i f i e d  by a K e i t h l e y  417 h ig h  speed 
^p icoanimeter  and p l o t t e d  i n  r e l a t i o n  to th e  F a b r y - P e r o t  p l a t i ^ s e p a r a  t i o n  
.on a Moseley Model 20-2A XY r e c o r d e r .
6 . The P i - e z o e l e c t r i c a l l y  Scanned F a b r y - P e r o t  I n t e r f e r o m e t e r
X B u r l e i g h  model RC-140 F a b r y - P e r o t  i n t e r f e r o m e t e r  p l a c e d  i n  a 
the rm a l  e n c l o s u r e  was used to r e s o l v e  the  f l u o r e s c e n t  s p e c t r u m .  The. 
i n t e r f e r o m e t e r  was f i t t e d  w i t h  m i r r o r s  of  f l a t n e s s  A/200 h a y i n g  a 
r e f l e c t i v i t y  of  96% i n  t h e  s p e c t r a l  r a n g e  740-920 nm and a m i r r o r  
s p a c i n g  o f  .33 cm. T h i s  p r o v i d e d  a f r e e  s p e c t r a l  r ang e  o f  '1.50 cm
A measure o f  the  e x p e r i m e n t a l  f i n e s s e  o f  the  sys te m was o b t a i n e d  
by r e s o l v i n g  the  known f i n e - s t r u c t u r e  of  th e  894 .346  nm ces ium l i n e
with p erm issio n  o f th e  copyrigh t ow ner. Further reproduction  prohibited w ithout p erm issio n .
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(Millraan and Kusch,  1940) a s  shown i n ' F i g .  2 .  A measurement  o f  th e  •' 
s e p a r a t i o n  o f  t h e  i n t e r f e r e n c e  o r d e r s  and  t h e  F.W.H.H. o f  t h e  nar rcwes t -  
peak  gave an  e x p e r i m e n t a l  - f i n e s s e  o f  a b o u t  50.
r
The m i r r o r s  were  mounted p a r a l l e l  to  one a n o t h e r  i n  S u p e r - I n v a r  
m o u n t i n g s .  One m i r r o r  was f i x e d  on th e  t i p s  of  t h r e e  c o a r s e  a l i g n m e n t  
s c r e w s .  The o t h e r  m i r r o r  was mounted on t h r e e  p i e z o e l e c t r i c  c e r a m ic  
e l e m e n t s .  A h i g h - v o l t a g e  ramp a p p l i e d  by a B u r l e i g h  Model RC-43 p r o ­
grammable ramp g e n e r a t o r  to th e  p i e z o e l e c t r i c  e l e m e n t s  c a u s e d  th e  l a t t e r  
m i r r o r  to  move r e l a t i v e  to t h e  f i x e d  m i r r o r .  The l i n e a r i t y  o f  t h e  p i e z o ­
e l e c t r i c  sy s t e m  was b e t t e r  th an  1% when s u p p l i e d  by a l i n e a r  ramp v o l t ­
a ge .
A h i g h - v o l t a g e  ramp s i g n a l  w i t h  a p e r i o d  of  200 s ,  was a p p l i e d  to 
th e  p i e z o e l e c t r i c  e le m en t  to s c a n  th e  i n t e r f e r o m e t e r .  Each s p e c t r a l  
s c a n  i n c l u d e d  t h r e e  i n t e r f e r e n c e  o r d e r s  and ,  on th e  a v e r a g e ,  seven  su ch  
t r a c e s  were  r e c o r d e d  a t  each  o f  th e  gas  p r e s s u r e s .  Th is  s c a n n i n g  r a t e  
i n  c o n j u n c t i o n  w i t h  th e  t ime c o n s t a n t  o f  the  p icoa mme ter  produc ed  thd 
b e s t  i n s t r u m e n t a l  c o m b i n a t i o n  f o r  r e c o r d i n g  an u n d i s t o r t e d  t r a c e  of  the  
s p e c t r u m .
The p a r a l l e l i s m  of  th e  m i r r o r s  was a d j u s t e d  i n i t i a l l y  by th e  c o a r s e  
a d j u s t m e n t  s c r e w s .  The f i n e  a l i g n m e n t  was ac c o m p l i s h e d  by a p p l y i n g  a 
b i a s  v o l t a g e  s u p p l i e d  by th e  ramp to t h e  i n d i v i d u a l  p i e z o e l e c t r i c  e l e ­
men ts .  The i n t e r f e r e n c e  p a t t e r n  g e n e r a t e d  from t h e  l i g h t  e m i t t e d  by an 
r . f .  ce s i um  s p e c t r a l  lamp (X = 690 nm) was used f o r  t h i s  a l i g n m e n t .
7. C o r r e c t i o n s  f o r  R a d i a t i o n  T r a p p in g  E f f e c t s
The p o t a s s i u m  a toms i n  t h e  f l u o r e s c e n t  c e l l  a b s o r b  and r e - e m i t  the  
f l u o r e s c e n t  r a d i a t i o n ,  e f f e c t i v e l y  i n c r e a s i n g  the  r a d i a t i v e  l i f e t i m e  of
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Pig .  2 'l'he hy p e rE in e  s t r u c t u r e  spec t rum  oE Cs 894 .346  run r e s o n -
2 2ance  r a d i a t i o n  (6 Pj -  6 S, ) p roduced  by the  s c a n n i n g  
'5 ' i
F a b r y - P e r o t  i n t e r E e r o n i e t e r . The E i r s t  do ub le  peak a r i s e s
* 2 2 ■ from t h e * 6 P, , F = 3 ,4  + 6 S, , F = 3 t r a n s i t i o n s ;  th e
•5 '5
2second do ub le  peak c o r r e s p o n d s  to  t h e  6 P, , F = 3 ,4  -+
■5
2
6 S, , F = 4 " t r a n s i t i o n s .  The i n t e n s i t i e s  oE the  fo u r  ‘
'5
'  components sho ul d  be in  t h e  r a t i o  2 1 : 1 5 : 7 : 2 1  ( i n  a d e -  
» * “ 
q u a t e  a g r e e m e n t ’w i t h  the  r e c o r d i n g ) ,  and the tifs
s e p a r a t i o n  i n  the  ground s t a t e  (between peaks  1 and 2) '
i s  0 .306 6  cm  ̂ (Millman and Kuscli,  1940) .
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t h e  r e s o n a n c e  s t a t e .  Because o f  t h i s ,  t h e " r a d i a t i v e  l i f e t i m e s  T1 and 
which  a p p e a r  i n  eq .  (19) must be c o r r e c t e d  a p p r o p r i a t e l y  ( S k a l i n s k i ,
198 2) .  A c c o rd in g  to  the ,  r a d i a t i o n  d i f f u s i o n  t r e a t m e n t  of  Mi lne  ( M i t c h e l l  
and Zemanski ,  19 6 1 ) ,
T/To ■ 1 + ( t )2 ■ ' <84)
T i s  t h e  e f f e c t i v e  ( c r a p p e d )  l i f e t i m e ,  i s  t h e  ’n a t u r a l '  l i f e t i m e
—8 2 4 ( 2 .7 7  x 10 s  f o r  t h e  4 P . s t a t e s  o f  K ) , Z i s  Che d i s t a n c e  t h ro u g h  which
th e  r a d i a t i o n  must  d i f f u s e ,  and k^ i s  t h e  a b s o r p t i o n  c o e f f i c i e n t  which
a s  c a l c u l a t e d  as sumi ng  t h a t  t h e  s p e c t r a l  l i n e s  have a Doppler  sh ape .
9 X 2 „
. 2 ( Z n l )  0 2 N , Q, ,
_ ■; 1851
-VD c f2 " * ” 2 ) 15 <86)
g^ and a r e  c ^e s t a t i s t i c a l  we ' ights  o f  t h e  e x c i t e d  and ground s t a t e s ,  
r e s p e c t i v e l y ,  N i s  the  v apo ur  d e n s i t y  of  p o t a s s i u m  d e t e r m i n e d  from 
t e m p e r a t u r e - v a p o u r  p r e s s u r e  r e l a t i o n s h i p s  (Nesraeyanov, 1963) , M i s  the  
a t o m ic  mass o f  K, c i s  t h e  sp eed  o f  l i g h t ,  R t h e  i d e a l  gas c o n s t a n t ,  and 
T the  a b s o l u t e  t e m p e r a t u r e  o f  t h e  v a p o u r .  8 i s  t h e  f i r s t  r o o t  o f  th e  
e q u a t i o n  . ^
k Z »
tanB = - y -  , (0 < g £ i t / 2) (87)
which was s o l v e d  g r a p h i c a l l y .  •.
Because  o f  th e  Zeeman s p l i t t i n g ,  a l l  th e  o p t i c a l  d e p t h s  k ^ l  must  
■be m u l t i p l i e d  by f a c t o r s  a p p r o p r i a t e  to e a c h  p o l a r i z e d  component
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t
( S k a l i n s k i ,  1982) .  For the  s f a t e  t h i s  f a c t o r  i s  1 7 /4 0  and f o r
2  '  • 
th e  ^ PJ5 s t a t e  it: i s  3 / 5 .  The e f f e c t i v e  ( t r a p p e d )  l i f e t i m e  T was l a r g e r
2 9than  T by ab o u t  15% f o r  the  P, s t a t e  and by ab o u t  30% f o r  the  P . 
u i  , -3/2
s t a t e . -
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IV. RESULTS AND DISCUSSION
. 1.  The F l u o r e s c e n t  Zeeman S p e c t r a  "* ’ •
The f l u o r e s c e n t  Zeeman s p e c t r a  were r e c o r d e d  a s  d e s c r i b e d  i n  
C h a p te r  I I I ,  u s i n g  Ar, N2 and a s  b u f f e r  g a s e s .  Argon was i n c l u d e d  
i n  t h e  e x p e r i m e n t  to  s e r v e  as a check o f  t h e  e x p e r i m e n t a l  sy s t em  a g a i n s t  
the  m u l t i p o l e  r e l a x a t i o n  c r o s s  s e c t i o n s  d e t e r m in e d  p r e v i o u s l y  ( S k a l i n s k i  
and Krause ,  19 82 ) .  The i n t e r f e r o g r a m s  r e g i s t e r e d  th e  i n t e n s i t i e s  o f  
the  c i r c u l a r l y  p o l a r i z e d  Zeeman components e m i t t e d  p a r a l l e l  to the
m agne t ic  f i e l d  from the  p o t a s s i u m  v a p o u r - b u f f e r  gas m i x t u r e ,  s u b j e c t e d
2 2 to  e i t h e r  4- P, , o r  4 1’ „ ... e x c i t a t i o n .H —z 3/2  - 3 / 2  •
The r a d i a t i v e  0 t r a n s i t i o n s  t h a t  t a k e  p l a c e  in  K atoms when the
2
P, , Zeeman s u b s t a t e  i s  b e in g  s e l e c t i v e l y  e x c i t e d ,  a r e  shown i n  P ig .  3. -i _rS
T r a n s i t i o n  A a r i s e s  from t h e  decay o f  t h e  o p t i c a l l y  p o p u l a t e d  s t a t e ,
w h i l e  a l l  o t h e r  t r a n s i t i o n s  a r i s e ’ p r i m a r i l y  from the  c o l l i s i o n a l l y
?
p o p u l a t e d  Zeeman s u b s t a t e s ,  o f  which  t h o s e  b e l o n g i n g  to  the  s t a t e
have become p o p u l a t e d  as  th e  r e s u l t  o f  f i n e - s t r u c t u r e  mix in g  c o l l i s i o n s .
I  ",
B e c a u s e s l i g h t  i m p e r f e c t i o n s  in  th e  q u a r t e r  wave p l a t e  and 
v l i n e a r  p o l a r i z e r ,  a sm a l l  amount o f  o+ resonanc 'e  r a d i a t i o n  e n t e r e d - t h e  
c e l l  and d i r e c t l y  p o p u l a t e d  the- c o r r e s p o n d i n g  Zeeman s u b s t a t e .  The 
•amount  of  o+ l e a k a g e  was d e t e r m in e d  b y . s c a n n i n g  the  sp e c t r u m  i n  the
abs en ce  of  a b u f f e r  gas in  the  c e l l ,  "hs shown i n  F ig .  4 f o r  th e  c a s e
• 2 + — ” ■ 
of  P, , e x c i t a t i o n .  The 0 l e a k a g e  p r o d u c e d . a  sm a l l  p o p u l a t i o n  o f "  ■
2 . 
th e  P, , Zeeman s u b s t a t e  and r e s u l t e d  i n  t h e  a p p e a r a n c e  o f - t h e - s m a l l  .'5'S • . •
'B'  peak .  The measured  i n t e n s i t i e s  o f  t h i s  Zeeman component r e c o r d e d
i n  t h e  p r e s e n c e  of  a b u f f e r  gas were c o r r e c t e d  by s u b t r a c t i n g  t h e
. ■ . p r o p o r t i o n  a  l e a k a g e  from t h i s  r a t i o ,
30 - ■
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F ig .  3
2Energy l e v e l  d iagram  of; Che K P Zeeman s u b s c a c e s  show-
2ing Che O decays Co che ground s'CaCe. The h Pj 
subsjtate is opCically populaced, Che ocher subscaces 
are populaced by collisions. The spacings beCween 
energy levels are noC drawn Co scale and Che 7T transi­
tions are noC shown.
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Fi g .  4
%
A t r a c e  of; th e  f l u o r e s c e n t  Zeeman s p e c t r u m  e m i t t e d
•  -  2from pu re  K. vapour  u n d e r g o i n g  P, , e x c i t a t i o n .
■i —2
Peak B a r i s e s  from t h e  l e a k  of  ct+ r e s o n a n c e  r a d i a t i o n
( k ' 1
th ro ugh  the  o p t i c a l  p o l a r i z e r s .  The components a r e  
l a b e l l e d  as i n  F ig .  3. ,
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Five  e x p e r i m e n t a l  r u n s  were c a r r i e d  o u t ,  two w i t h  II^, two w i t h  NQ 
and one w i t h  Ar,  each run  c o v e r i n g  th e  a p p r o x im a te  p r e s s u r e  range  0 . 1  -  
0 . 9  t o r r .  The i n t e r f e r o g r a m s  o f  t h e  f l u o r e s c e n t  Zeeman s p e c t r a ,  c o r r e s ­
po nd in g  to th e  t r a n s i t i o n s  shown in F ig .  3,  cove red  t h r e e  i n t e r f e r e n c e  
o r d e r s .  The peaks  c o r r e s p o n d i n g  to  th e  components t h a t  b e lo n g  to  the  
two f i n e - s t r u c t u r e  s t a t e s  o c c u r  in  d i f f e r e n t  o r c le rs ,  however the  m i r r o r  
s e p a r a t i o n  was a d j u s t e d  to make the  two o r d e r s  o v e r l a p .  This a l l ow ed  
ea c h  i n t e r f e r o m e t e r  scan to co v e r  t h r e e  f u l l  i n t e r f e r e n c e  o r d e r s  f o r
4  >
eac h  f i n e - s t r u c t u r e  s t a t e .  "
F ig ur e  5 shows an a c t u a l  t r a c e  of  two o f  th e  i n t e r f e r e n c e  o r d e r s
o b t a i n e d  w i t h  Ar,  which 15 c h a r a c t e r i z e d  by th e  r e l a t i v e l y  i n t e n s e  A and
B components ( c o r r e s p o n d i n g  to  the  A and B t r a n s i t i o n s  in  -Fig. 3) .
Component B, even a f t e r  s u b t r a c t i n g  0 l e a k a g e ,  i s  s t i l l  more in c e n s e
chan components  C, D, E and F which a r i s e  from t h e  c o l l i s i o n a l l y  popu-  
2
l a t e d  P3 / 2  s C a t e - Th is  i s  due to t h e  f a c t  t h a t  the  c r o s s  s e c t i o n s  fo r
f i n e - s t r u c t u r e  mix ing  by c o l l i s i o n s  w i t h  Ar a r e  r e l a t i v e l y  s m a l l  ( C i u r y l o
and K ra us e ,  1983 ) .  F i g u r e  6 shows a s p e c t r a l  t r a c e  f o r  the  K - ^  s y s t e m
I t  d i f f e r s  from t h a t  o b t a i n e d  w i t h  Ar by t h e  r e l a t i v e l y  s t r o n g e r  C, D,
E and F .components  which a r e  due to  th e  l a r g e r  f i n e - s t r u c t u r e  mix ing
(
c r o s s  s e c t i o n s .  The i n t e n s i t i e s  of  th e  A and B components  i n  F i g s .  5 and
6 a r e  q u i t e  s i m i l a r .  S in ce  the  masses  and r e l a t i v e  c o l l i s i o n  sp eeds  i n
t h e  two c a s e s  a r e  a l s o  c o m p a r a b le ,  i t  f o l l o w s  t h a t  th*  two c r o s s  s e c t i o n s  
2 - 2f o r  P, , -+■ P, , Zeeman mix ing  and hence t h e  r o u l t i p o l e  r e l a x a t i o n  c r o s s  
-i —i  -3-5
S e c t i o n s  a r e  o f  s i m i l a r  m agn i tu de .  F ig ur e  7 shows th e  s p e c t r u m  o b t a i n e d  
w i t h  a s  b u f f e r  g a s .  Al th ough  t h e  r e l a t i v e  i n t e n s i t i e s  o f  th e  Zeeman 
components a p p e a r  comp arab le  to t h o s e  i n  F ig .  6 , - i t  should  be no ted
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F ig .  5 A t r a c e  of  th e  Zeeman f l u o r e s c e n t  s p e c t r u m  e m i t t e d  fron
. K va po ur  mixed w i t h  0 .548  t o r r  Ar.  The 42P, , s t a t e
h - i
i s  o p t i c a l l y  e x c i t e d .  The peaks a r e  l a b e l l e d  to 
c o r r e s p o n d  to  th e  t r a n s i t i o n s  i n d i c a t e d  i n  F ig.  3.
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F i g .  6 A t r a c e  o f  the Zeeman f l u o r e s c e n t  sp e c t ru m  e m i t t e d  from
2K vapour  mixed w i t h  0 .411  t o r r  N_. The 4 P. ! s t a t eL ^
i s  o p t i c a l l y  e x c i t e d .  The peaks a r e  l a b e l l e d  to
1
c o r r e s p o n d  to th e  t r a n s i t i o n s  i n d i c a t e d  in  Fig.  3.
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F ig .  7 A t r a c e  of  th e  Zeeman f l u o r e s c e n t  sp e c t ru m  e m i t t e d  from
2K. vapour  mixed w i t h  0 .115  t o r r  H„. The 4 P. , s t a t e
2 • H -h
■ i s  o p t i c a l l y  e x c i t e d .  The peaks a r e  l a b e l l e d  to  
c o r r e s p o n d  to t h e  t r a n s i t i o n s  i n d i c a t e d  i n  F ig .  3.
!
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' 4 2  ■ .
t h a t  t h e  Hj - p r e s s u r e  was c o n s i d e r a b l y  lo wer  t h a n , t h e  p r e s s u r e  in  
F i g .  £ .  The l a r g e r  r e l a t i v e  speed o f  th e  c o l l i s i o n  p a r t n e r s  i s
r e f l e c t e d  by th e  r e l a t i v e l y  s t r o n g  Zeeman i n t e n s i t i e s  o b t a i n e d  a t  r e l a 7 
t i v e l y  low H p r e s s u r e .
F i g u r e  8 shows t h e  v a r i o u s  r a d i a t i v e  Zeeman t r a n s i t i o n s  r e s u l t i n g
2 i *
from t h e  s e l e c t i v e  e x c i t a t i o n  o f  t h e  4 - 3 / 2  Zeeman s u b s t a t e  i n
' p o t a s s i u m  i n  th e  p r e s e n c e  of  a - b u f f e r  g a s .  Here th e  components D ' , E'
♦
and F' a r i s e  p r i m a r i l y  from th e  c o l l i s i o n a l  Zeeman mixing  w i t h i n  t h e
2 'f i n e - s t r u c t u r e  s t a t e  and A' and B' a r e  due to f i n e - s t r u c t u r e .  mix­
i n g .  Again ,  a sm a l l  amount o f  0 + l e a k a g e  was o b s e r v e d  which  caused th e  
2 " '
^ 3 / 2  3 /2  s t a t e  be p o p u l a t e d  d i r e c t l y ,  and c o n s e q u e n t l y  t h e  peak F' 
i n  each of  t h e s e  s p e c t r a  i n c l u d e d  t h e  i n t e n s i t y  a r i s i n g -  from c o l l i s i o n a l  
• e x c i t a t i o n  t r a n s f e r  a s  w e l l  as  t h a t  from d i r e c t  o p t i c a l  e x c i t a t i o n  
r e s u l t i n g  from t h i s  a + le a k a g e  { d e p i c t e d  i n  F i g .  9 ) .
t —'
F ig u re  10 r e p r e s e n t s  a t r a c e  o f  the  f l u o r e s c e n t  Zeeman sp e c t r u m  
o b t a i n e d  w i t h  Ar,  w i t h  t h e  v a r i o u s  peaks  l a b e l l e d  to  c o r r e s p o n d  to  the
r •
t r a n s i t i o n s  i n  F ig .  8 . The r e l a t i v e  i n t e n s i t i e s  o f  t h e  peaks  C1, D ' ,
E' and F'  a r e  c o n s i d e r a b l y  h i g h e r  than  t h o s e  of  the  peaks A' and B1, 
becaus e  of  th e  sm a l l  f i n e - s t r u c t u r e  mix ing  c r o s s  s e c t i o n .  F i g u r e s  11 
and 12 show th e  c o r r e s p o n d i n g  s p e c t r a  o b t a i n e d  w i th .  and H . Because 
th e  f i n e - s t r u c t u r e  mix ing  c r o s s  s e c t i o n s  f o r  t h e s e  g a s e s  i s  r e l a t i v e l y  
l a r g e ,  t h e  peaks B1 and E' a r e  o f  compa rable  h e i g h t ,  w h i l e ' f o r  Ar peak 
E' i s  n o t i c e a b l y  h i g h e r  t h a n  B’ . Where two components i n  the  s pe c t r um  
o v e r l a p p e d ,  as  f o r  example the  peaks  B’ and E' .  i n  F ig .  10,  t h e i r  r e l a t i v e  
i n t e n s i t i e s  were  o b t a i n e d  from th e  t r a c e s  by making a p p r o p r i a t e  c o r ­
r e c t i o n s  f o r  the  o v e r l a p .
i
I
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A
2Fig* 8 Energy  l e v e l  d iagram  o f  the  K P Zeeman s u b s t a t e s  show- ,
2m g  t h e i r  a de cays  to  t h e  ground s t a t e .  The 4 P3 / 2  3 / 2  
s u b s t a t e  i s  o p t i c a l l y  p o p u l a t e d ,  the  o t h e r  s u b s t a t e s  
a r e  p o p u l a t e d  by c o l l i s i o n s .  The ir t r a n s i t i o n s  a r e  no t  
shown; t h e  s p a c i n g s  between  ene rgy  l e v e l s  a r e  n o t  drawn 
t o  s c a l e .
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A t r a c e  o f  t h e  f l u o r e s c e n t  s p e c t r u m  e m i t t e d  from pure
2 . ‘ '
K. v a p o u r ,  u n d e rgo in g  4 P ^ 2 _ 3 . e x c i t a t i o n .  Peak F'
' - *+
as  l a b e l l e d  i n  F ig .  8 ,  a r i s e s  from 0 l e a k a g e  - th rou gh 
t h e  p o l a r i z e r s .
*■
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F ig .  10 A t r a c e  o f  the  Zeeman f l u o r e s c e n t  s pec t r um  e m i t t e d  from
2
K vapour  mixed w i t h  0 .884  t o r r  Ar.  The 4 P^ /2  3 /?
s u b s t a t e  i s  o p t i c a l l y ^ e x c i t e d . The peaks a r e  l a b e l l e d  
to co r r e s p o n d  t o  t h e  t r a n s i t i o n s  i n d i c a t e d  in  F ig .  8 .
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Fi g ,  11 A t r a c e  of  t h e  Zeeman f l u o r e s c e n t  sp e c t r u m  e m i t t e d  from
?
K vapour  mixed w i t h  0 .3 1 0  t o r r  The A ^ 3 / 2 - 3 / 2
s u b s t a t e  i s  o p t i c a l l y  e x c i t e d .  The p e a k s  a r e  l a b e l l e d  
to  c o r r e s p o n d  t o  th e  t r a n s i t i o n s  i n d i c a t e d  i n  F ig .  8 .
A 3x ma.gni fied t r a c e  of  th e  c o l l i s i o n a l l y  induced  
components  i s  a l s o  shown.
I
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A t r a c e  o f  th e  Zeeman f l u o r e s c e n t  sp e c t r u m  e m i t t e d  from
2
K vapour  mixed w i t h  0 . 3 5 3  t o r r  . The 4 P3 / 2 ’_3/2  
s u b s t a t e  i s  o p t i c a l l y  e x c i t e d .  The pe ak s  a r e  l a b e l l e d  
to  c o r r e s p o n d  to th e  t r a n s i t i o n s  i n d i c a t e d  i n  l?i g .  8 .
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2.  D e t e r m i n a t i o n  o f  M u l t i p o l e  R e l a x a t i o n  Cross  S e c t i o n s  
From t h e  Zeeman S p e c t r a
The peak  i n t e n s i t i e s  o f  a l l  t h e  components i n  t h e  t r a c e s  o f  t h e<►
Zeeman f l u o r e s c e n t  s p e c t r a ,  scanned  t h r o u g h  t h r e e  i n t e r f e r e n c e  o r d e r s ,
were  i n d i v i d u a l l y  measured  and t h e  r a t i o s  of  t h e  i n t e n s i t i e s  o f  the
components a r i s i n g  from t h e  c o l l i s i o n a l l y  p o p u l a t e d  s t a t e s  r e l a t i v e  to
t h o s e  o f  t h e  o p t i c a l l y  e x c i t e d  s t a t e s  were c a l c u l a t e d .
The p e r c e n t a g e  o£ 0 . l e akage  ( a p p r o x i m a t e l y  3.6%) was d e t e r m i n e d
from th e  a v e r a g e  o f  numerous '  s c d n s  of  pure  K v a p o u r ,  such  a s  t h o s e  shown
i n  F i g s .  4 and. 9 ,  t a k e n  d u r i n g  eadh  e x p e r i m e n t a l  r un  and t h e  a f f e c t e d  
X ( B ) * * X ( F * i
i n t e n s i t y  r a t i o s  Y ( aT  anc* I ( C ' T  were  c o r r e c 'Ce^ a p p r o p r i a t e l y .
The measured i n t e n s i t y  r a t i o s  were  m u l t i p l i e d  by the  a p p r o p r i a t e
n u m e r i c a l  f a c t o r s  a c c o r d i n g  to  eq. ,  ( 6 6 ) to r e l a t e  them to  t h e  r a t i o s  of
th e  a c t u a l  p o p u l a t i o n s  o f  th e  Zeeman s t a t e s .  The^e r a t i o s  were p l o t t e d
in relation to Nvt , where n  = for intensity ratios y
X(B1) ' *and y and T = for all other ratios, in order to account for the
' v a r i a t i o n  i n  t h e - c o l l i s i o n  sp eed  among th e  b u f f e r  g a se s  a s  weLl as f o r '
\
the  e f f e c t s  o f  r a d i a t i o n  t r a p p i n g  ( S k a l i n s k i ,  1 9 82 ) .  »
F i g u r e s  13 and 14 a r e  the  p l o t s  o f  t h e  p o p u l a t i o n  (and i n t e n s i t y )
r a t i o s  o b t a i n e d  w i t h  Ar a s  a  b u f f e r  g a s .  The p l o t s  a r e  q u i t e  l i n e a r  a t
I
low p r e s s u r e s  and some e x h i b i t  a s l i g h t  downward c u r v a t u r e  a s  t h e  p r e s s u r e
i n c r e a s e s .  At. low, d e n s i t i e s  t h e  t ime  be tween  s u c c e s s i v e  c o l l i s i o n s
2
e x c e e d s  t h e  l i f e t i m e  o f  t h e  P s t a t e s  and t h e  i n t e n s i t y  r a t i o  p l o t s  a r e ' .
1 *• 
ex p e c t e d  to  be l i n e a r  s i n c e  a t  most  a s i n g l e ' c o l l i s i o n a l  p r o c e s s , m a y  be
i * '  ' * *
* " 2observecj. d u r i n g  t h e ' l i f e t i m e  o f  t h e  4 U s t a t e .  At h i g h e r  p r e s s u r e s
15 -3above  ab o u t  0 . 3  t o r r ( 7  x 10 cm. ) t h e  c u r v a t u r e  i n d i c a t e s  th e  p r e s e n c e
o f  e f f e c t s  due t o  m u l t i p l e  c o l l i s i o n a l  t r a n s f e r s ,  wh ich  a r e  most
p>
R ep ro d u ced  with p erm issio n  o f th e  copyrigh t ow n er. Further reproduction  prohibited w ithout p erm issio n .
F ig .  13 ' P lo t s  of  Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g  
2
from 4 P, , e x c i t a t i o n ,  showing e f f e c t s  of  Zeeman 
- i
mix ing  induced  i n  K-Ar c o l l i s i o n s .  The s e p a r a t e  
o r i g i n  f o r  each  p l o t  i s  i n d i c a t e d  on the  v e r t i c a l  
a x i s .  The p r e s s u r e  s c a l e  shown i s  a p p r o x i m a t e .  The 
e r r o r  b a r s  r e p r e s e n t  s t a t i s t i c a l  s c a t t e r  o f  the  
measurements .
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Fig .  14 P l o t s  o f  Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g  
2
from 4 P^ 2  - 3 / 2  e x c i t a t i o n *  showing e f f e c t s  o f  Zeeman 
mi x in g  i n d u c e d  i n  K-Ar c o l l i s i o n s .  The s e p a r a t e  o r i g i n  
f o r  each  p l o t  i s  i n d i c a t e d  on th e  v e r t i c a l  a x i s .  The 
p r e s s u r e  s c a l e  shown i s  a p p r o x i m a t e .  The e r r o r  b a r s  
r e p r e s e n t  s t a t i s t i c a l  s c a t t e r  o f  the  measureme nts .
R ep ro d u ced  w ith p erm iss io n  o f  th e  cop yrigh t ow n er. Further reproduction  prohibited w ith out p erm issio n .
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n o t i c e a b l e  w i t h i n  th e  d i r e c t l y  p o p u l a t e d  f i n e - s t r u c t u r e  s t a t e ,  where the
s e p a r a t i o n  betweieci the  Zeeman s u b s c a t e s  i s  s m a l l  compared to t h e  *lafgfe'r'
- 1  ,V * 2  'f i n e - s t r u c t u r e  s p l i t t i n g  (57 cm ) be tween  t h e  p o t a s s i u m  “P, and P , /0
• *5 3/2
v
s t a t e s .  These c h a r a c t e r i s t i c s  a l s o  a p ^ l y  to  the p l o t s  f o r  N, (shown in  
F i g s .  15 and 16) and  t h e  p l o t s  f o r  ( F i g s .  17 and 1 8 ) .  The p l o t s  f o r  
H'2 e x h i b i t  a n o t i c e a b l y  l a r g e r  d e g r e e  o f  c u r v a t u r e  t h a n  t h o s e  f o r  Ar 
b e c a u s e  th e  r e l a t i v e  c o l l i s i o n  s pe ed  i s  i a r g e r .  The l i n e a r i t y  jot th e
I
p l o t s  f o r  a r g o n  i n d i c a t e s  t h a t  s i n g l e - c o l l i s i o n  c o n d i t i o n s  a r e  a p p l i c a b l e  
to  t h i s  sy s t e m  o v e r  a ln jo s t  the  whole p r e s s u r e  r a n g e ,  w h i l e  i n  th e  chse
I
o f  H2 o n l y  t h e  d a t a  o b t a i n e d  i n  the  l i n e a r ’ r e g i o n  o f  t h e  p l a t s  a r e  t ak en
under  s i n g l e - c o l l i s i o n  c o n d i t i o n s .
I n  o r d e r  to  d e t e r m i n e  a v a l u e  f o r  tl*e o r x e n t a t i o r f . t r a n s f e r  c r o s s
s e c t i o n  and CT21^ ^o r  N2 an<  ̂ H2 Ĉ e a PPr o Pr i a C e  i n t e n s i t y  r a t i o s  in
th e  l i n e a r  r e g i o n  o f  t h e  p l o t s  werq s u b s t i t u t e d  i n t o  eq .  ( 7 7 ) . t o  d e t e r -
%
mine t h e  Zeeman t r a n s f e r  c r o s s  s e c t i o n s  Q(Jm ■+■ J ' m 1) .  The d i f f e r e n c e
of th e  a p p r o p r i a t e *  Q v a l u e s  ( e q s .  ( 7 9 ) - ( 8 1 ) ' )  y i e l d s , a ^ ^ a n d  . The
•T ’
l a r g e - . u n c e r t a i n t y  i n  t h e s e  c r o s s  s e c t i o n s  a s  w e l l  a s  t h e i r  r e l a t i v e l y
s m a l l  s i z e s ,  which  may b e ' s e e n  i n  T ab le  1 ,  j u s t i f y  t h e  4 ? t m p l i f i c a t i o n  of
th e  t h e o r e t i c a l  t r e a t m e n t  d i s c u s s e d  i n  Chapter .  I  by n e g l e c t i n g  th e  produci
*
' °1 2^  °21^ and C^US Che Producc  ^ [ 9  ̂ i n  e9s - (73) and ( 7 4 ) .
The a p p r o p r i a t e  i n t e n s i t y  r a t i o s  t o g e t h e r  w i t h  t h e i r  c o r r e s p o n d i n g
r  ' l l ’"v a l u e s  o f  Nvt were  s u b s t i t u t e d  i n t o  e q s .  ( 6 8 ) - ( 7 2 )  t o  o b t a i n  th e  K , ,•- • ab
v a l u e s  c o r r e s p o n d i n g  to each  NvT v a l u e .  These were  t h e n  s u b s t i t u t e d  i n
e q s .  (82) and (83) a l o n ’g w i t h  and o b t a i n e d  by e q s .  (45)  and
l l  ll  - ,
(46) f rom t h e  an<̂  v a l u e s  o f  C i u r y l o  and Krause  (198^ ,  19 83 ) ,  .
a s  l i s t e d ,  i n  Table ' ' 2Ljfl | ^®fc!e' r  to  o b t a i n  t h e  m u l t i p o l e  r e l a x a t i o n  c r o s s
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Fig. 15
*x
P l o t s  of  Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g  . 
2
f rom 4 Pi , e x c i t a t i o n ,  showing e f f e c t s  of Zeeman 
' i .  - i
mixing  in duced  i n  K-N^ c o l l i s i o n s .  The s e p a r a t e  o r i g i n  
fo r  each  p l o t  i s  i n d i c a t e d  on the  v e r t i c a l  a x i s .  The 
p r e s s u r e  scfale shown ' i s  a p p r o x i m a t e .  The e r r o r  b a r s  . 
r e p r e s e n t  s t a t i s t i c a l  s c a t t e r  o f  t h e  measurements .
l '  1
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Fig .  16 P l o t s  o f Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g  
2
from 4 P2 / 2  _3 / 2  e *c i t a t i o n , showing e f f e c t s  o f  Zeeman 
mixing  induced  in  K-N^ c o l l i s i o n s .  The s e p a r a t e ,  o r i g i n  
f o r  each  p l o t  i s  i n d i c a t e d  on th e  v e r t i c a l  a x i s .  The 
p r e s s u r e  /§cale shown i s  a p p r o x i m a t e .  The e r r o r  b a r s  
r e p r e s e n t  s t a t i s t i c a l  s c a t t e r  o f  the  me asurements .
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Fig .  17 P l o t s  o f  Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g  
2
from 4 P, , e x c i t a t i o n ,  showing e f f e c t s  o f  Zeeman 
.•3 —5
mi xing  in du ced  i n  K - l^  c o l l i s i o n s .  The s e p a r a t e  o r i g i n  
f o r  each  p l o t  i s  i n d i c a t e d  on th e  v e r t i c a l  a x i s .  The 
p r e s s u r e  s c a l e  shown i s  a p p r o x i m a t e .  The e r r o r  bar s '   ̂
s  r e p r e s e n t  s c a t t e r  o f  t h e  measu reme nts .















0o 0 1 . 0  2 . 0  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  9 . 0  10 11 12




F ig .  18
\1
P l o t s  o f  Zeeman f l u o r e s c e n t  i n t e n s i t y  r a t i o s  a r i s i n g
2
• from. A P^/2 - 3 / 2  Gxc:*-t :at : ion» showing e f f e c t s  o f  Zeeman
mixing  induced  i n  K- l^  c o l l i s i o n s .  The s e p a r a t e  o r i g i n
f o r  each p l o t  i s  i n d i c a t e d  on th e  v e r t i c a l  a x i s .  The
«
p r e s s u r e  s c a l e  shown i s  a p p r o x i m a t e .  The e r r o r  b a r s  
r e p r e s e n t  s t a t i s t i c a l  s c a t t e r ' o f  t h e - m e a s u r e m e n t s .
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1TABLE 1
CROSS SECTIONS FOR ORIENTATION TRANSFER BETWEEN
42P,5 AND 42P3/2  STATES
B u f f e r  Gas (10"
■16 2, cm ) 0 ^ ( 1 0 ' ■16 2, cm )
N2 ■ 6.1 ±3.4 1 .3 ±6
H2 1 . 6 ±1 3.4 ±4
J
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TABLE 2
CROSS SECTIONS FOR 42PJj6-A ̂ ? 3/ 2 MIXING,
INDUCED IN COLLISIONS WITH Ar, N2 AND H2
B u f f e r  Gas
a (? 5 (4 -  3 / 2 )
, , rt-1 6  2,  (10 cm )
-  3 /2 )
■ , i n -16  2,  (10 cm )
~ ( 0) „ 
a i l  C 
n n -16  2. (10 cm )
a 22} c 
(10 cm )
Ar 16 ±2.4.  a 11 .2 ±1.7 3 11 .3  ±1.7 1 5 . 8  ±2.4
N2 79 ±12 b 54 ±8 b 55 .9 ±8.5 7 6 .4  ±11 .3
, 4
' H2 57 ±9 b 39 ±6 b ' 4 0 .3  ±6 .4 5 5 .1  ±8 .5
a C i u r y l o  and K ra u s e ,  1982 
b C i u r y l o  and K r a u s e ,  1983 
c anc* °22^ were d e t e r m i n e d  from.
and u s i n g  e q s .  (45) and (46)
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sections A ,^ and The latter were averdged over all Nvt values,
-S 3 / 2
and t h e  r e s u l t i n g  a v e r a g e s  a r e  l i s t e d  i n  T ab le  3 t o g e t h e r  w i t h  t h e  A^1̂
measured  f o r  a r g o n  b y ' S k a l i n s k i  and Krause  ( 19 82) .
The m u l t i p o l e  r e l a x a t i o f T ~ c r o s s  s e c t i o n s  f o r  a rgon were c a l c u l a t e d
from th e  d a t a  t a k e n  d u r i n g / o n e  e x p e r i m e n t a l  r u n  as  a t e s t  o f  the  e x p e r i -
/m enta l  sy s te m .  The agreemen t  be tween t h e  v a l u e s  de te rm in ed  'by S k a l i n s k i  
and Krause  (1982) and t h e  v a l u e s  d e te rm in e d  in  t h i s  e x p e r im e n t  i s  q u i t e
ad e q u a t e  and w i t h i n  e x p e r i m e n t a l  e r r o r .  The l a r g e s t  r e l a t i v e  d i s c r e p a n c y
( 1) ’ ' o c c u r s  w i t h  , -which i s  p r o b a b l y  due to th e  f a i r l y  l a r g e  u n c e r t a i n t y
i n  the  c o r r e c t i o n  f o r  0 + l e a k a g e .  One g e n e r a l  d i f f e r e n c e  be tween  the  two
e x p e r i m e n t s  i s  t h a t  o f  t h e  e f f e c t s  o f  f i n e - s t r u c t u r e  mi x in g .  Noble gas
<*. *
atoms Induce  c o n s i d e r a b l y  l e s s  f i n e - s t r u c t u r e  mi x in g  than  th e  m o le c u le s
and ( C i u r y l o  and K ra u se ,  1982,  1983) and to  a good a p p r o x i m a t i o n
t h e  f i n e - s t r u c t u r e  m ix in g  may be n e g l e c t e d  i n  K-nob le  gas  c o l l i s i o n
s y s t e m s ,  a/ ^  f o r  N„ i s  o f  s i m i l a r  m agni tude  a s  t h i s  v a l u e  f o r  Ar.
"5 2
The v a l u e  of  r e p o r t e d  by S i e r a d z a n  and Franz  (1982) f o r  Rb-N„
"3 • 2
c o l l i s i o n s  i s  l a r g e r  th an  t h a t  f o r  th e  K-N2 c o l l i s i o n  sy s t e m .  The 
v a l u e s  o f  A ^ ^  f o r  K-N2 and K-Argon i n t e r a c t i o n s  a r e  v e ry  s i m i l a r  in  
magnitude  w h i l e  f o r  H2 t h e s e  v a l u e s  a r e  a p p r o x i m a t e l y  50% s m a l l e r ,  t h i s  
d i f f e r e n c e  may be a t t r i b u t a b l e  to  t h e  r e l a t i v e  s i z e s  of  t h e ■c o l l i s i o n  
p a r t n e r s .  The t o t a l  m u l t i p o l e  decay  c r o s s  s e c t i o n s ,  as  d e f i n e d  by e q s .  (53) 
and ( 5 4 ) ,  r e f l e c t s  b o th  r e l a x a t i o n  and f i n e - s t r u c t u r e  m ix in g ,  and a r e  
l i s t e d  i n  Ta bl e  4.
3. So urces  of  E x p e r im e n ta l  E r r o r
The t o t a l  c o n t r i b u t i o n  of  th e  s y s t e m a t i c  and s t a t i s t i c a l  u n c e r t a i n t i e s  
p r e s e n t  i n  t h e  e x p e r i m e n t  to  the  f i n a l  v a l u e s  o f  the  m u l t i p o l e  r e l a x a t i o n
i *
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TABLE 3
MULTIPOLE RELAXATION CROSS SECTIONS FOR
COLLISIONS WITH Ar, N2 and H9
Buffer -
Gas A^1 ) (1 0 '
•16 2. cm ) A ^ ( 1 0 - 16cm2) A ^ ( l O ~ 16cm2) A $ ( 1 0 - 16cm2)
Ar a 52 ±9 • 1 6 9 .4  ±25 250 ±38 203 ±30
Ar b 65 ±10 175 ±25 230 ±35 19b ±30.
N2 3 58 .7 ±9 154-.6 ±23 2 2 8 .3  ±34 1 7 3 . 6  ±26
H2 a 46 ±7 80 ±12 125 ±19 66 ±15
•  *' *
Rb-N2C 105 ±25 •
pf
a T h i s  i n v e s t i g a t i o n  
b S k a l i n s k i  and K r a u s e ,  1982 
c S i e r a d z a n  and F r a n z ,  1982
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TABLE 4
MULTIPOLE DECAY CROSS SECTIONS FOR
COLLISIONS WITH Ar, N2 AND H2
B u ff e r
Gas
„ ( l ) / i n -16  2, (10 cm ) a ^ ) (10“ 16cm2) (2) n n ~16 -2, a 22 (10 cm ) ■
•J
0 ^ 2  (10 cm )
. t
Ar 64 ±9 185 ±25 266 ±3 8‘ 219 ±30
N2 * 115 ±19 231 ±26 305 ±36 250 ±28
H2 86 +9 135 ±15 181 ±21 121 ±17
I ' : '  •
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■ ‘ v J
c r o s s '  s e c t i o n s  h a s  been  e s t i m a t e d  ,to be w i t h i n  t h e  l i m i t s  o f . i l 5 % .  The 
s y s t e m a t i c  e r r o r s  a f f e c t i n g  t h e  v a l u e s  o f  t h e  m u l t i p o l e  r e l a x a t i o n  c r o s s  
s e c t i o n s  a r e - p r i m a r i l y  a s s o c i a t e d  w i t h  t h e  t e m p e r a t u r e  and p r e s s u r e  
measurements .  The t e m p e r a t u r e s  o f  t h e  s i d e  arm and main oven were 
m e a s u r e d b y  a  th ermo coup le  s y s t e m  which was r e f e r e n c e d  to  0°C u s i n g  an 
i n s u l a t e d ,  c o n t a i n e r  o f  i c e .  The r e f e r e n c e  ze ro  o f  t h i s  sys t em  was a f f e c t e d '  
by t h e  v a r i o u s  c o n t a c t  p o t e n t i a l s  g e n e r a t e d  i n  th e  . sys tem by o x i d a t i o n
I.
l a y e r ' f o r m a t i o n  on t h e  c o n t a c t s  and by t h e  s e n s i t i v i t y  of  t h e  thermo-
v ^
co u p le  n e tw ork  to  t h e  r . f .  ene rgy  e m i t t e d  from t h e  r . f .  o s c i l l a t o r  o p e r -
I
a t i n g  th e  lamp.  These'  e f f e c t s  were minimized  b u t  cou ld  n o t  be e n t i r e l y
e l i m i n a t e d .  The p r e s e n c e  o f  a t h e r m a l  g r a d i e n t  i n  th e  p o t a s s i u m  c o n t a i n e d
•  -  '  I
i n  th e  s i d e  arm of  t h e  c e l l  a s  w e l l  as  t h e . s m a l l  v a r i a t i o n s  i n  t h e  te mp era- .
t u r e  o f  the  s i d e  arfn d u e . t o  the- u l t r a  thermos t a t  a f f e c t  th e  d e t e r m i n a t i o n  
\  ■ ' . 
o f  t h e  v a p o u r ' p r e s s u r e  f r o m ^ h e  t e i n p e r a t u r e - v a p o u r  p r e s s u r e  r e l a t i o n
(Nesmeyanov,  1963)-. T h£ -approxim ate  n a t u r e  o f  t h e  vapou r  p r e s s u r e  *
* .
r e l a t i o n  b a s e d  on e x p e r i m e n t a l  d a t a ,  a l s o  c o n t r i b u t e s  to a' s y s t e m a t i c  - 
»
u n c e r t a i n t y  i n  th e" ' p o ta ss iu m  vapour  p r e s s u r e  which a f f e c t s '  the  r a d i a t i o n  
* - *
t r a p p i n g  c o r r e c t i o n .  I t  h a s" b een  assumed t h a t  t h e  vapour  p r e s s u r e  in
t h e  c e l l  i s - t h e  same as  i n  t h e  s i d e  a rm,  i r r e s p e c t i v e  of  th e  f a c t  c h a t  
* * “ , • 
th e  oven i s  a t  a h i g h e r  t e m p e r a t u r e  t h a n  th e  s i d e  arm. The b u f f e r  gas ,
p r e s s u r e  " u n c e r t a i n t y  s tems  f r o m . t h e  f a c t  t h a t  th e  p r e s s u r e  was measured  .. 
. . a t  room t e m p e r a t u r e ^ w h i l e  the  c e l l  i n t o  which  th e _ g a s  was a d m i t t e d  was a t  
* a h i g h e r  t e m p e r a t u r e  (~ 11 0° C ) . I t  was assumed’ t h a t ' c h e r e  was nt> d i f f e r ­
ence be tween  t h e  measured p r e s s u r e  and t h e  a c t u a l  p r e s s u r e ;  s i n c e  t h e  • 
gas  p r e s s u r e s  .were b e l i e v e d  t o  be s u f f i c i e n t l y  h ig h  tp .  Svoid  t r a n s p i r a t i o n
e f f e c t s .  The main s o u r c e  o f  s t a t i s t i c a l  e r r o r  i s  due to  t h e  f l u c t u a t i o n s  
*' , •• < /  ' :-
- ■ - '
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i n  th e  lamp i n t e n s i t y .  A l t h o u g h ' t h e  m on i to red  ^. jn ' ter isi ty o f  t h e  lamp
remained  q u i t e  s t a b l e  o v e r  l o n g  p e r i o d s  o f  t i m e , ’ a n y , s m a l l  f l u c t u a t i o n s
i n  th e  s i g n a l  c o n t r i b u t e  s i g n i f i c a n t l y  to  th e  measured s p e c t r a l  i n t e n s i t y
»
r a t i o s ,  as  the r a t i o  o f  a  s m a l l  s i g n a l  to a l a r g e r  s i g n a l  i s  e f f e c t e d  ' 
more by t h e  v a r i a t i o n  i n  th e  s m a l l  s i g n a l  t h a n  t h e  v a r i a t i o n  i n  t h e  much 
. l a r g e r  s i g n a l .  At each  gas p r e s s u r e  th e  s p e c t r u m  was scanned  s e v e r a l  
t i m e s  a n d . t h e  r e s u l t i n g  a v e r a g e  i n t e n s i t y  r a t i o s  had a s t a t i s t i c a l  
v a r i a t i c y ^ ^ j f  a b o u t  ±10%, which  i s  r e p r e s e n t e d  by the  s t a t i s t i c a l  e r r o r  
b a r s - i n  F i g s .  13-18 .
- . ^The c o r r e c t i o n  f o r  0+ l e a k a g e  was d e t e r m i n e d  by a v e r a g i n g  th e  v a l u e s  
o b t a i n e d  from th e  s p e c t r a l  r e c o r d i n g s  t a k e n  w i t h  th e  c e l l  e v a c u a t e d  such  
a s  t h o s e  shown i n  F i g s .  4 and 9.  The s t a t i s t i c a l - f l u c t u a t i o n  i n  t h e s e  
r a t i o s  a l s o  c o n t r i b u t e ’ to  t h e  s t a t i s t i c a l  e r r o r  p d e s e n t  i n  th e  c o r r e c t e d  
v a l u e s  o f  t h e  and I~( 3 / 2~- 3 / 2 )  r a t i o s > a s  t h e  0+ l e a k  a t  low
b u f f e r  gas p r e s s u r e s  was comparable  i n  s i z e  t o  t h e s e  c o r r e c t e d  r a t i o s .
Any e f f e c t s  due t o  quen ch in g  of  r a d i a t i o n  has  a l s o  been n e g l e c t e d  in  
t h i s  e x p e r i m e n t .  The c o n s i d e r a t i o n  o f  t h e s e  v a r i o u s  u n c e r t a i n t i e s  y i e l d  
an app ro x im a te  bound on t h e  u n c e r t a i n t y  i n  th e  f i n a l  v a l u e s  of  the  i n u l t i -  
p o l e  r e l a x a t i o n  c r o s s . s e c t i o n s  o f  ±153!.
/
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